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I. INTRODUCTION 
A. Need for Drainage and Irrigation 
Developments in Guyana 
Guyana^/ situated on the northeastern coast of South America, 
has an area of 53.1 million acres (58, pp. 5-6; 76, p. 6). The coastal 
plain adjacent to the Atlantic ocean comprises 3.8 million acres which 
represent 7.0 percent of the nation's land area. The coastal acreage 
comprises 2.6 million acres of cultivable lands and 1.2 million acres 
of forests, meadows, and waterways. Less than 1.0 percent of the 
cultivable lands are in crops and pasture (76, pp. 3-4) . The non-
coastal acreage of 49.3 million acres consists of forests and savannas. 
About 90.0 percent of the nation's population of 783,000 inhabit the 
coastal plain (2, 63). This plain, extending 5 miles inland, is below 
sea level at high tides which occur regularly with varying intensities. 
The wet seasons during the months of May to July and November to 
January compound the drainage problem by causing floods in residential, 
agricultural, and commercial areas. The need for irrigation arises in 
the dry seasons during the months of August to October and February to 
April. 
The Dutch colonizers in the seventeenth century, realizing the 
twin problems of drainage and irrigation as detrimental to their 
^Originally, it was Guiana. Guiana changed liands between England, 
France, and Holland in the European wars of the late eighteenth century. 
Under Dutch occupation it was two colonies, Demerara and Essequibo, and 
Berbice. The colonies became united as one colony in 1831 under the 
name of British Guiana. On attainment of political independence in 
1966, British Guiana was renamed Guyana. 
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trading activities, built extensive dikes and sluices to protect 
the Guyana coastal plain from the high tides of the Atlantic and 
floodwaters of rivers (4, pp. 1-5; 74, pp. 3-13). The British 
succeeding the Dutch in 1814 also maintained and expanded these works 
to facilitate their trade. The works constituted a complex system of 
sea defenses and drainage ceinals. The Guyana government, upon ob­
taining political independence in 1965, recognized the continuing 
need for drainage and irrigation developments. Thus, it allocates 
huge sums of money to such developments along the coastal plain. For 
instance, in 1975, drainage and irrigation works absorbed about 10.0 
percent of the national budget (22, pp. 58-59). During the period 
1954-1964 drainage and irrigation, altogether with associated sea and 
land development works, accounted for 36.0 percent of the nation's 
expenditure (69, pp. 67-69). 
B. Problem of Evaluating Drainage and Irrigation 
and Their Interrelationships 
The government realizes that Guyana's attainment of political 
independence from Great Britain on May 26, 1966 did not solve all of 
her problems. During the colonial period 1814-1966, the national 
economy was not developed for the benefit of citizens because surpluses 
from economic activities primarily benefited overseas corporations 
(95). Infrastructural facilities and development programs for health, 
education and welfare were kept at a minimum (82). Drainage and irri-
a. "J 
gation, for example, is but one facet of the complex matrix of problems 
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facing Guyana. Today, the country has to grapple with a host of prob­
lems which are political, economic and sociological in nature. -
Measures taken to solve these problems proceed slowly and often er­
ratically in the transitional phase of development. 
The decolonization of Guyanese attitudes and institutions toward 
the creation of a socialist society through the instrument of coopera­
tives requires a multidimensional approach to ensure self-sustained 
economic growth (62; 63; 80). The political approach, though crucial 
in the transformation process, appears inadequate given the hetero­
geneous environment in Guyana. What is urgently needed is a unified 
will for development. Any approach which does not harness and harmo­
nize such unification is fraught with difficulties. 
Guyana camnot afford massive expenditures on drainage and irri­
gation projects executed in an ad hoc manner. A rational approach to 
public investment in water resource developments is necessarily funda­
mental in pursuing the fundamental objectives of the country as 
enunciated in the second Development Plan 1972-1976 (63). 
This study follows such an approach in four selected projects, 
namely, Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje. 
It is hoped that this study, despite its limitations, will be useful 
to Guyanese policymakers and administrators in the appraisal and 
integration of water resource projects within the framework of 
national development. 
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C. Objectives of Study 
Within the setting of the importance of drainage and irrigation 
to the development of Guyana, the objectives of this study are; 
1. To develop analytical procedures for evaluating drainage and 
irrigation projects and the interrelationships between such 
projects; 
2. To apply these procedures to selected projects within Guyana; 
3. To relate the analysis of drainage and irrigation projects to 
the agricultural sector and national economy of Guyana as 
specified by the Government of Guyana; 
4. To identify the constraints in developing drainage and 
irrigation projects and to suggest how such constraints may 
be relaxed; and 
5. To suggest further research needs in proceeding with further 
and continuing evaluation and implementation of drainage 
and irrigation projects in Guyana. 
D. Procedures Used in Pursuing 
These Objectives 
The second Development Plan 1972-1976 for Guyana explicitly states 
the following economic objectives: 1) creation of employment oppor­
tunities, 2) attainment of an equitasble distribution of income.- 3) 
achievement of an equitable geographical distribution of economic 
activities and 4) establishment of the foundation fOt the attainment 
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of self-sustained economic growth (63, p. 81). 
Within the context of these national economic objectives selected 
drainage and irrigation projects, existing and proposed, will be 
evaluated as a means toward the achievement of the national economic 
development goals. The evaluation criteria include: 1) benefit-cost 
analysis, 2) internal rate of return, 3) social marginal productivity 
of investment, 4) sensitivity analysis, and 5) macroeconomic approach. 
Within this conceptual framework, the selected drainage and irri­
gation projects, namely, Tapakuma, Black Bush, MahaicasMahaicony-Abary 
and Canje will be evaluated. Availeible empirical data, though not 
adequate in some cases, will be used in the analysis. The analysis 
identifies and proposed additional studies needed to further evaluate 
the drainage and irrigation projects of the country. 
E. Concepts and Definitions 
Throughout this study, terms such as project, program, purpose, 
project costs, associated cost, direct benefit, indirect benefit, 
agrarian reform, land reform, agricultural development, economic 
development, underdevelopment, and related terms are used. The 
meanings of these terms as used in this report are presented below 
within the context of meanings contained in the literature on water 
resource development and development economics. 
According to the United States Inter-Agency Committee on Water 
Resources in 1936, a project is any separable integral physical unit 
or several components and closely related units undertaken or to be 
/ 
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undertaken within a specific area for the control and development of 
water and related land resources, which can reasonably be analyzed and 
evaluated as an independent unit. Any combination or system of two 
or more interrelated projects is regarded as a program (112, p. 7). 
Eckstein defines a purpose as one of the major objectives of 
governmental activity in the field of water resource developments such 
as flood control, irrigation, water supply, navigation, conservation, 
and power generation (13, p. 51). 
Project costs, notes Kuiper, are the value of all goods and 
services used to establish, maintain, and operate a project (39, p. 
115). It is the sum of installation cost, operation, maintenance and 
replacement costs, emd induced costs such as all uncompensated adverse 
effects caused by a project or program. 
Associated cost is the value of goods and services needed beyond 
project cost to make the immediate products or services of tb? project 
available for use or sale (13, p. 51) . 
Direct or primary benefit is the value of immediate goods and 
services emanating directly from the project (112, p. 8). 
Indirect or secondary benefit is all other benefits attributable 
to the project that can be expressed in monetary terras; otherwise, it 
is an intangible benefit (13, p. 51). 
Agrarian reform is defined by Thorbecke et al., to include changes 
in rural institutions with the objective of improving rural standards 
of living. They statei 
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These institutions include those of holding and trans­
mitting rights in land, allocating returns to land between 
owners and tenants, extending credit for land purchase, 
farm operation and improvements, taxing land values and 
land income, conserving and developing agricultural and 
other resources, marketing of farm and other products, 
broadening opportunities for educating and training rural 
people and promoting rural health and welfare services 
(96, p. 590). 
In this study, agrarian reform connotes changes in the structure 
of agrariéin institutions to improve the efficiency of agricultural 
production and the distribution of factor returns as a means of 
achieving both the economic and noneconomic ends of agrarian develop­
ment. 
Land reform refers principally to redistribution of ownership 
rights in land. According to Gittinger, land reform is the transfer 
of the ownership rights in specific parcels of land from individuals 
holding larger amounts than they themselves can farm in the existing 
agricultural traditions of the areas to peasants who hold by virtue 
of the reform no more than the amount they themselves can cultivate. 
Further, land reform may also involve consolidating and rationalizing 
scattered plots of land belonging to various owners (19, p. 236). 
Agricultural development denotes, according to Parsons-and 
SchultZfthe transformation or modernization of an antecedent traditional 
or subsistence agriculture (78, p. 1185; 88, pp. 24-48). It also means 
the availability of sufficient resources and facilities to farmers so 
that increased productivity and per capita real income are possible. 
Economic development is a process in which the population of a 
country utilizes its human and physical resources to bring about a 
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sustained per capita increase in the output of scarce goods and services, 
provided at the same time the distribution of these goods and services 
to the individuals of the nation does not become less uniform (19, 
p. 116). 
Underdevelopment is basically a policy term. Higgins states that 
a country beccanes classified as underdeveloped if it so declares itself 
by applying for foreign aid and if the donor countries confirm its 
status by providing assistance. Countries which have less than $600 
(U.S.) of gross national product per capita fall under this category 
(31, p. 9). The terms underdevelopment, underdeveloped, poor, less 
developed, developing, and Third World are used interchangeably in this 
study. 
P. Organization of Study 
Chapter I briefly presents the development problems facing Guyana 
followed by statements on the general purpose, objectives, procedures 
and concepts of this study. 
Chapter II discusses the agricultural sector within the national 
economy while Chapter III explicates investment criteria for project 
evaluation. 
Chapter IV gives a description of the major drainage and irriga­
tion projects in Guyana. Chapter Y focuses on the application of certain 
investment criteria to the Tapakuma, Black Bush, Mahaica-Mahaicony-
Âbary and Canje projects and â macrûècônOBiic àppïOàCa to project 
evaluation. 
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Chapter VI notes the importance of investment planning at the 
national, sectoral and project levels while Chapter VII presents 
summary, conclusions and recommendations of the study. 
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II. THE AGRICULTURAL SECTOR WITHIN 
THE NATIONAL ECONOMY 
Inherent in this study are the conjoint interrelationships between 
agricultural development and national economic development. Conse­
quently, measures taken to promote agricultural development in the 
Tapaktmia, Black Bush, Mahaica-Mahaicony-Abary and Canje project areas 
tend to generate multiple effects on the national economy. The full 
development of these areas requires investments which can have magni­
fied effects on the domestic economy (5; 26; 27; 28; 105). 
Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje areas 
produce about 102,400 tons of rice annually which represent 80.0 per-
( 
cent of the nation's total output (61; 65). Furthermore, Tapakuma 
and Black Bush produce about 2,615 tons of vegetables, fruits and ground 
provisions annually for both rural and urban markets (61). This amount 
represents about 28.0 percent of the total crop production. For the 
various crops, fzrsiers receive a streasi of incortis which they expend 
in both the agricultural and nonagricultural sectors. They invest a 
considerable portion of their income on spare parts, machinery, 
fertilizers, seedlings, herbicides, insecticides, bags and other 
needed inputs primarily for rice production. This expenditure pattern 
generates employment in the industrial and service sectors. 
Every farm family averaging six people who engage in rice pro­
duction, creates employment for about ten persons in the nonagri­
cultural sector (82). In the absence of regional consumption functions, 
11 
it is possible that project areas predominantly engaged in rice pro­
duction generate forward, backward, and final demand linkages. There 
is value added to rice production for transportation, milling, storage 
and marketing. Expanded commercial activities are likely to result 
from the increased purchasing power of farmers when they make invest­
ments for agricultural implements, fertilizers, seedlings, and other 
necessary inputs. Through the interaction of supply and demand rela­
tionships linkage effects are possible. The output from the projects 
will result in an increase in the volume of rice marketed which, in turn, 
can decrease unit costs and increase unit revenues for the farming 
communities in project areas. 
A. Contributions of Agricultural Sector 
to the National Economy 
Agriculture is the mainstay of the Guyanese economy. The princi­
pal crops, sugar, rice and coconuts, account for over 80.0 percent 
of the value of crop production and about 60.0 percent of the exports 
(64; 66). The trio, sugar, rice and bauxite/alumina, is responsible 
for about 85.0 percent of the exports (2; p. 14). According to Table 
1, the agricultural sector contributed 26.4 percent of Gross Domestic 
Product (GDP) during the period 1960-1974. For the same period, the 
industrial sector contributed 31.9 percent of GDP while the service 
sector made up the remainder of 41.7 percent. The rapid growth of the 
service sector is due largely to government's transformational, re-
distributive and welfare activities which typify the drive to the 
Table 1. Gross domestic product at constant factor cost 1960^ 
1974 (in million Guyana dollars at 1971 prices)* 
1960 1961 1962 1963 1964 1965 1966 
Agriculture 83.8 86.5 86.2 77.4 82.4 88.8 86.1 
Sugar cane 46.1 45.6 44.1 43.7 38.4 43.6 42.7 
Rice paddy 12.8 12.6 13.2 10.4 15.8 16.6 14.8 
Other crops 13.5 16.0 16.6 11.3 14.2 13.6 12.5 
Livestock 5.1 5.4 5.6 5.4 6.1 7.0 7.0 
Pishing 1.7 2.1 2.5 3.0 3.3 3.7 3.9 
Forestry 4.5 4.8 4.2 3.6 4.6 4.3 5.2 
Industrial 103.4 112.0 122.3 106.0 123.6 138.7 142.2 
Bauxite & alumina 40.0 47.8 57.1 49.8 62.6 66.0 72.5 
Other 14.4 14.5 15.0 10.4 11.2 17.5 14.6 
Manufacturing & 
Processing 
Sugar milling 17.3 16.7 16.7 16.3 13.2 15,9 14.8 
Rice milling 3.4 3.2 3.5 2.7 4.2 4.4 4.2 
Other 28.3 29.8 30.0 25.8 32.4 34.9 36.1 
Service; 163.9 169.8 167.1 143.3 155.7 173.6 186.4 
Distribution 39.7 42.1 44.2 38.8 43.6 48.1 48.2 
Transport & 
communications 24.9 27.2 26.4 21.5 23.3 24.4 26.5 
Construction 31.5 25.9 24.9 16.3 17.7 19.6 24.4 
Rent of dwellings 9.3 9.5 9.6 9.7 9.2 9.2 9.8 
Financial services 10.4 11.0 10.1 9.7 10.0 10.8 12.2 
Government 32.2 38.0 36.5 33.2 37.8 46.1 48.9 
Other 15.9 16.1 15.4 14.1 14.1 15.4 16.4 
TOTAL 351.1 368.3 375.6 326.7 361.7 401.1 414.7 
^Source (66; 116). 
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1967 1968 1969 1970 1971 1972 1973 1974 
90.1 
48.2 
11.8 
11.9 
8.8 
4.4 
5.0 
143.9 
72.2 
12.3 
17.7 
3.4 
38.3 
198.2 
49.4 
26.8 
27.6 
10.2 
12.4 
54.7 
17.1 
432.2 
89.0 
44.8 
12.7 
12.5 
9.6 
4.4 
5.0 
142.6 
79.1 
6.5 
16.3 
3.6 
37.1 
202.5 
48.8 
27.4 
31.8 
10.4 
13.0 
54.9 
16.2 
434.1 
96.3 
52.6 
10.4 
13.0 
9.9 
5.2 
5.2 
151.1 
87.2 
4.1 
18.7 
3.0 
38.1 
216.3 
52.1 
28.5 
37.0 
10.8 
13.8 
57.6 
16.5 
463.7 
95.9 
47.3 
14.4 
12.4 
10.9 
5.6 
5.4 
157.3 
93.3 
4.6 
16 .0  
3.8 
39.6 
227.9 
53.4 
28.3 
37.6 
11.0 
16.4 
63.2 
18.0 
481.1 
101.7 
54.3 
11.2 
14.5 
11.3 
5.4 
5.0 
157.1 
91.1 
4.7 
19.1 
3.2 
39.0 
241.6 
54.5 
29.8 
38.6 
11.3 
18.4 
70.0 
19.0 
500.4 
92.8 
45.6 
8 . 8  
15.4 
12.4 
5.6 
5.0 
144.8 
79.3 
4.3 
16.2 
2.5 
42.5 
244.9 
50.1 
28.8 
40.6 
11.6 
18.6 
75.2 
19.3 
482.5 
90.8 
41.8 
8 .8  
15.9 
13.2 
5.2 
5.1 
140.1 
75.8 
5.0 
13.8 
2.9 
42.6 
258.0 
51.1 
29.2 
37.3 
9.9 
17.4 
96.0 
17.1 
488.9 
107.1 
52.0 
13.3 
15.3 
13.5 
7.3 
5.7 
155.3 
86.6 
4.5 
17.6 
4.3 
42.3 
272.0 
57.0 
32.5 
39.9 
10.1 
18.5 
95.5 
18.5 
534.4 
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creation of a socialist society (2; 63). 
The economy's growth for the period 1960-1974 was relatively 
modest. Adjusted GDP grew from G$351.1 million in 1960 to G$534.4 
million in 1974 or an increase of 2.8 percent per annum over the fifteen 
year period (108, p. 526; 64, p. 9). Population also increased at an 
average rate of 2.4 percent per annum for this seime period (110, 
pp. 122-134; 2, p. 18). Consequently, the real per capita GDP in­
crease was less than 1.0 percent per annum. 
The agricultural, industrial and service sectors in 1974 employed 
a labor force of about 231, 800 or about 60.0 percent of the total 
population between 14 and 65 years of age (2). Unemployment was esti­
mated to be over 20.0 percent (66). The manpower survey conducted 
in 1965 revealed an unen^Jloyment rate of about 14.0 percent (67). 
After this survey, employment and unen^loyment data are unavailable. 
The agricultural sector employs about 33.0 percent of the 
economically active population which generally contributes 21.0 per­
cent 0£ ciic imcxOnax pi'OûUCc. \,4.j o? oo; ±±uj m xû x»/«± CitlS séctOt 
accounted for 20.0 percent of GDP or an average real value of G$1386 
per worker. Similarly, for the said year, the industrial and service 
sectors realized G$2680 and G$2934 respectively per worker (66; 116). 
Per capita real income for the entire population in 1974 was G$685. 
These statistics indicate that value per worker in agriculture, 
except for the sugar industry, is considerably lower than the value 
per worker in the Industrial and service sectors. Value per worker in 
the sugar industry is equivalent to the average value per employed 
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person in the entire economy. This is estimated at G$2555 or 
US$1277. Thus, there may be factors within the agricultural sector 
which may be restraining or facilitating vehicles for national eco­
nomic development. Such development depends on the process of capital 
accumulation which, in turn, depends on increases in per capita 
productivity in the agricultural sector. For example, if output in­
creases and consumption, outflow, and inflow remain constant, then 
this yields an increase in savings which can be used for investment in 
both the agricultural and nonagricultural sectors in order to stimu­
late national economic development. Similarly, if output declines and 
consumption and outflow increase with inflow constant, then this 
yields a decrease in savings which cannot be used effectively toward 
development of the national economy. 
Defects which are technical, economic and institutional inhibit 
the income stream of farmers in project areas. Remedying such de­
fects enhances the incomes of both the agricultural and nonagricultural 
sectors, which can subsequently cause magnified effects on the 
national economy. Hence, one of the central aims of economic policy 
is to remedy or ameliorate defects in major drainage and irrigation 
project areas in order to achieve a desired rate of growth without 
creating a balance-of-payments crisis and an intolerable inflation 
rats. 
The pursuit of this objective requires three types of ex ante 
balances: 1) external balances to avoid the loss of revenues in 
international transactions; 2) internal balances to avoid global in­
16 
flationary pressures through saving and investment in view of the 
economy's capacity; and 3) internal balances for each sector to avoid 
sectoral inflationary pressures through the supply of cuid demand for 
individual commodities. To attain the foregoing objective much de­
pends on the institutional aspects of agricultural development policy 
which is the subject of the next section. 
B. Institutional Aspects of 
Agricultural Development 
Institutions are defined as "collective action in restraint, 
liberation, and expansion of individual action" (7, pp. 69-70). The 
family, state and economy are examples of institutions since they regu­
late human behavior. The need for such regulation stems from the 
basic conflict between the abundance of people's desires and the 
scarcity of resources. Institutions are interrelated so that there 
are tradeoffs and compromises to achieve the manifold objectives of 
humanity in an orderly manner. 
Development, for instance, requires change. Thus, the develop­
ment of economic institutions is an integral part of the modernization 
of agriculture. The transformation of subsistence-traditional agri­
culture is a complex process. During the early phases of this 
process, it is of paramount importance to comprehend the institutional 
system of a country as a whole. For economic policies, the chief 
emphasis is on the state and the economy because they exert powerful 
influences during the development process from poverty to near 
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affluence (78, p. 1186). With a socialist government in office the 
role of the state becomes increasingly important in Guyana, and, in 
terms of institutions, the emphasis is on the legal, cultural, physi­
cal, structural, and economic. The institutional environment in 
Guyana was largely fashioned by European influences, particularly 
British, since colonialism was undoubtedly part of Britain's 
intellectual, philosophical and scientific revival (78, pp. 1187-
1189). This led to an institutional dualism with a British 
administration exercising hegemonic influence over Guyanese. It was 
not until the dawn of political independence on May 26, 1966, that the 
vestiges of such influence were rescinded. 
During the colonial era, the establishment of enclaves of export 
agriculture had been achieved independent of traditional agriculture 
in order to develop a modern agriculture which was an integral part 
of a world market economy but not of the national economy. Inter­
relations with the national economy were limited to the hiring of 
cheap labor from traditional agriculture. The importation of slaves 
from Africa and indentured servants from India to work mainly on sugar 
plantations owned by overseas corporations supported such enclaves of 
agriculture (81; 95). The disorganization of labor and the absence 
of representative government during the greater part of the colonial 
era permitted unlimited exploitation of land.- mineral resources,, and 
people (81). This led to great inequalities in resource ownership and 
income distribution in that those favored by the colonial masters 
received preferential treatment. The masses comprising East Indians 
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and Negroes who toiled on the land received relatively few benefits. 
They were deprived of the benefits of economic as well as political 
citizenship. 
Accordingly, institutional policy in national perspective must 
design systems of state (organized political community) and economy 
(administration of resources) as going concerns, for such a society 
built on inequality and privilege appears inconsistent with economic 
development and socialist ideology (14; 49; 78). Such a policy must 
also attempt to deal with the legacy of problems attendant with colonial 
rule. Only when the powers of the state and the economy are reciprocal­
ly related, institutional reconstruction is possible to promote national 
economic development. The English economist, J. R. Hicks, makes a 
poignant observation on the role of institutions in economic analysis: 
"Another more important limitation , , , is without any inclusion of 
reference to institutional controls. I shall interpret this limita­
tion pretty severely. For I consider the pure logical analysis of 
capitalism to be a task in itself, while the survey of economic 
institution is best carried on by other methods such as those of the 
economic historian (even when the institutions are contemporary 
institutions). It is only when both of these tasks are accomplished 
that economics begins to near the end of its journey" (30, p. 7). 
The irçîismsRtaticn of drainage and irrigation projects embraces 
physical, economic and institutional dimensions. The physical dimen­
sion, for example, deals with production possibilities of the supply 
of soil and water resources through technological change. According 
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to Timmons, terracing, contouring, reservoirs, drainage and irrigation 
systems can be expressed in yields (production possibilities) and costs 
(relative efficiencies) based on demand for products, which provides 
product prices (101). The economic dimension deals with the relative 
satisfactions of people's wants in a world of scarce resources among 
unlimited and competing ends. Thus, the price mechanism through the 
interaction of demand and supply relationships allocates society's 
scarce resources among these ends. The institutional dimension con­
cerns the legal, political, social and other controls governing the 
use of society's resources. These dimensions are interrelated because 
they regulate human behavior in achieving manifold objectives of humanity 
in a more or less orderly manner (97). For instance, the laws governing 
how land is held, transferred and used, influence human behavior in 
making economic decisions just as the economic principles influence 
the development of land laws. Legal techniques provide important po­
tential means for implementing the achievement of economic objectives. 
Tradeoffs and compromises are fundamentally important to the func­
tioning of a social, political and economic system. 
Defects in drainage and irrigation project areas such as those 
identified in Chapter IV constitute serious limitations to success­
ful agricultural development policy and, hence, national development. 
The central government can remedy the defects which are financially 
and administratively feasible in order to develop the national economy 
and to increase the range o£ choices of objective opportunities avail­
able to citizens. 
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C, Importance of Water Resource Institutions 
to the Agricultural Sector 
Water resource institutions are basically important to the agri­
cultural sector. To comprehend their importance» it is necessary to 
explicate the nature of water. Water has beneficial amd detrimental 
effects (113). Beneficial effects are increases in the value of the 
output of goods and services and improvements in national economic 
efficiency resulting from a water resource plan (113, p. 7). These 
include the value to users of increased outputs of goods and services 
and the value of output resulting from external economies. Detri­
mental effects are the values of resources within relevant regions 
required for or displaced by a plan (113, p. 9). These include 
losses in output resulting from external diseconomies within the 
relevant regions. 
Both beneficial and detrimental effects of water are measured in 
monetary and nonmonetary terms. These include 1) the number and 
type of jobs resulting from a plan in the region under consideration; 
2) effects of the plan on population distribution within the region 
under consideration and among regions in the Nation; 3) effect of the 
plan on the economic base and stability of the region under considers-
tion; and 4) effect of the plan in other specified components of 
regional development (113, pp. 5-10). For example, the implementation 
of comprehensive water resource developments in Guyana will create 
employment opportunities- attract new settlers from the densely 
populated coastal plain and contribute to the social product. 
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Water, moreover, is a scarce and heterogeneous resource which 
has several uses. When one use contributes to the benefits or utili­
ties of another use without experiencing costs or disutilities, it is 
complementary. A case in point is a farmer whose pesticides returned 
to the canal and retarded vegetative growth there. The freeing of 
the canal permits downstream uses and does not cause an allocation 
problem among uses. It results in more net benefits to users. In 
neutral relationships, as the name implies, one use has no effect, 
neither beneficial nor detrimental, on other uses. Such uses can 
tolerate quality changes occasioned by previous uses and do not 
necessarily involve allocation (98). However, in competitive 
relationships, one use restricts the net benefits to be derived from 
a given amount of water in another use. Thus, the allocation problem 
arises. The amount of water to be devoted to each use becomes crucial. 
For example, water stored in conservancies on the upper reaches of 
rivers is used for irrigation, domestic, industrial, and municipal 
purposes especially during the dry season. This is typically the case 
in Guyana. The task, then, is to allocate this water among competing 
users. 
Water resource institutions perform the necessary allocations of 
water which may yield detrimental and beneficial consequences. The 
minimization of detrimental «ses may add quantitatively to economic 
welfare as to the maximization of beneficial uses. This minimax 
concept requires tradeoffs among water uses. It also elicits rational 
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choices among the competing demands and uses of water in order to im­
prove the well-being of society. Timmons notes that under such a 
decision-making process the appropriation and riparian water rights 
doctrines become ineffective (99). The appropriation doctrine states 
that the choice of alternatives should be in terms of the use made by 
the first person who puts the water to beneficial use. The ripariem 
doctrine specifies that the owner of land adjoining a water course has 
the right to water for any natural beneficial use he selects within 
the riparian use range. These water rights doctrines violate the 
marginal principle that the amount of water allocated to a particular 
use should be extended to the point where marginal cost equals 
marginal revenue. 
Water, apart from being scarce and heterogeneous, is also a flow 
and migratory resource. This gives rise to economic decisions in its 
use relative to the use of labor, capital, soil, and other natural 
resources. Concomitantly, water resource institutions must recognize 
the t«in prcblcsis of vatsr^uss sllccaticn and user allccaticn to 
ensure optimal water use by a nation or a region. 
In Guyana, water control is crucial to agricultural development. 
Poorly drained and irrigated land cannot systematically produce bounti­
ful crops of sugar cane, paddy, fruits, vegetables and ground pro­
visions. Consequently, agricultural production and productivity 
decline. This condition results in far-reaching repercussions on both 
the farm and nonfarm sectors because agriculture, as noted earlierr 
is tha"backbone" of the Guyanese economy. It is evident from Table 2 
Table 2. Value of exports and imports 1964-1975 (in million Guyana dollars)^ 
Year 
Total 
Ejqports Sugar Rice 
Bauxite/ 
alumina 
Total 
Imports 
1964 168.9 58.8 23.4 60.3 151.1 
1965 177.1 60.3 24.3 67.9 181.4 
1966 192.3 61.4 21.2 79.4 202.2 
1967 217.7 62.2 25.2 86.4 219.0 
196£l 229.0 70.6 26.1 100.2 212.9 
1969 252.9 81.7 19.2 120.3 234.4 
1970 264.8 77.6 18.1 138.5 266.3 
1971 290.9 92.2 21.3 134.9 266.0 
1972 300.0 101.8 25.3 132.2 297.9 
1973 285.0 76.9 25.0 138.3 365.0 
1974 592.0 299.2 49.0 198.2 565.0 
1975^ 695.0 306.5 84.8 212,5 725.0 
^Source: (2; 65; 66). 
^Estimated. 
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that sugar and rice constituted a significant proportion of the export 
bill for the period 1964-1975. These two commodities continue to 
assist with the balance-of-payments position of the country. Were it 
not for sugar in 1973 and 1974, the economic health of Guyana would have 
been seriously impaired (2; p. 56). This commodity brought in much 
needed revenue to the public coffers despite the world economic 
crises of recession, food and energy. The present national thrust 
toward self-sufficiency in food, relying as far as possible on domestic 
inputs, is indicative of agriculture's continuing role in the multi­
dimensional process of economic development. This role is only pos­
sible when water resource institutions are designed to enhance agri­
cultural development. Appendix A lists inçorts of some selected agri­
cultural ccfflonodities which can be produced in Guyana or for which 
substitutes can be had, depending on adequate water control zmd 
managerial innovations. 
At present there is no provision in statutory law for the general 
control of the nation's water resources. The allocation ox water 
among competing crop and locational uses of agriculture is based upon a 
system of historical and customary rights (74; 85; 114). The distribu­
tion of water rights and uses among crop and locational alternatives 
bears little relationship to the marginal productivity of water in 
either physical or value terms. The lack of effective market and pricing 
mechanisms and the institutionalization of water rights prevent re­
allocation of water in terms of its marginal productivity. 
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The Guyana Water Authority, for instance, is primarily concerned 
with potable supplies of water for domestic, industrial and municipal 
purposes (33). Although the dominant use of water in Guyana is for 
irrigated agriculture, there is no institution responsible for such 
allocation which often retards the productivity of the agricultural 
sector. If water and land resources are not efficiently allocated and 
managed, they could inhibit agricultural output with far-reaching 
repercussions on the national economy. Nonetheless, an integrated 
multiobjective regional approach to water resource developments, 
providing it is viable politically, economically, financially and 
administratively, could be useful to ameliorate the existential situa­
tion of inadequate water control in Guyana (36; 75). 
In existing drainage and irrigation project areas, too, there is 
an excessive use of water and wastage (75, p. 332). This is partly due 
to poor land management practices by farmers who irrationally accept 
water as a free and abundant resource. In Black Bush Polder, for 
instance, when boxes for the irrigation and drainage of individual 
fields are left open, a tremendous wastage of water occurs. Time-
run irrigation system and an informed farm citizenry can reduce this 
wastage. Institutional rationing and agricultural extension services 
may be necessary for efficient water use. 
Naraine, recognizing the necessity for a follow-up on drainage 
and irrigation pro j ects, remarks : 
I 
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One of the shortcomings on all projects is the slowness or 
lack of follow-up. There is a tendency to believe that, 
because a large sum of money has been spent on a project, 
automatically and immediately everything must work per­
fectly. This attitude has led to projects not readily 
obtaining financial and other support necessary fjr 
the remedying of minor defects or adding of essential 
facilities for greater economic returns. In future 
projects, a period of development after construction 
should be specified and money should be provided for ex­
penditure during this period to remedy any such deficien­
cies or defects in a project (75, p. 334). 
The coordination of supporting institutions such as credit, market, 
social infrastructure, land management and agricultural extension 
services in new project areas is vital to agricultural development. 
crop diversification, as an end-in-view of this development, is also 
possible. It will make agriculture become more balanced to withstand 
the hazards of market fluctuations (63). Sugar and rice are vulnerable 
to the aberrations of international markets. Crop diversification 
can permit better utilization of labor resources. 
D. Agrarian Reform Within the 
Agricultura1 Sector 
Closely related to the institutional aspects of agricultural 
development and water resource institutions is agrarian reform within 
the agricultural sector. Since agriculture is the principal source of 
wealth in Guyana, the agrarian structure become^ crucial for agri­
cultural production. This structure is based on laws, custonis and es­
tablished practices, voluntarily or corapulsorily by the farming popu­
lation. Thus, any change which affects the agrarian structure is an 
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agrarian reform and, moreso, any improvement in the agrarian structure 
which covers the institutional framework of agricultural production is 
an agrarian reform (100). If such a change is designed to improve per 
capita productivity in agriculture and to realize equal income distribu­
tion in the society, it is consistent with economic development. 
To foster agricultural development, it is necessary to have 
agrarian structures as facilitating rather than restraining vehicles. 
Since agriculture forms the primary source of economic activity in 
Guyana, it is noteworthy to show how agrarian structures in drainage 
and irrigation project areas, particularly land tenure structures, can 
facilitate development in the agricultural sector. These structures in­
volve certain societal norms and prescriptions in the ownership and 
transmission of land (37; 100). Under circumstances of great inequality 
and lack of opportunities, private property, freedom of contract, and 
competition frequently accentuate the inequality. Thus, land tenure 
reforms are necessary both to increase per capita real income and re­
distribute real income in the agrarian sector. In order to accomplish 
this, they may have to depart from established practices with respect to 
such institutions as private property, freedom of enterprise, and 
competition. 
A distributive land reform may have manifold advantages in the 
context of the Guyanese situation. It can foster greater social and 
economic changes by revamping the power-structure over land use and by 
channeling the fruits o£ agricultural labor to bring about greater 
equality and wider participation in the society (80; 114). Moreover, 
I 
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such a massive institutional change enables people engaging in agri­
culture to have more purchasing power to buy goods that support local 
industry. It instills in them a spirit of self-reliance. It is only 
when per capita productivity in agriculture increases that industrial 
expansion continues, but during the early stages of industrialisation, 
displacement of people is possible. Timmons points out: 
...changes in land tenure institutions, particularly 
when made abruptly, may result initially in decreased 
per capita productivity in agriculture and as a result, 
impair national development...(100, p. 86). 
A distributive land reform can also give the needed incentives to 
agricultural producers through improved markets and incomes, wider 
range of consumer goods, clear titles to land, and improved tenancy 
arrangements. In this way, nonprogressive agriculture can no longer 
impede economic development because when the objectives of the agri­
cultural sector are asserted through popular organizations, especially 
cooperatives, a new vitality emerges within a society. A word of 
caution, however, is necessary'. These laudable goals for distributive 
purposes are hoped-for ideals, and land reform offers no panacea to 
grapple with the formidable and perhaps insurmountable problems in 
some points of economic development. The project areas, Tapakuma, 
Black Bush, Mahaica-Mahaicony-Abary and Canje, however, reflect a 
conscious policy to bring about greater social and economic reforms 
in the Guyanese society (21, pp. 1-17; 59). In those land settlement 
schemes, inhabitants are given leased land so that they can boost crop 
production and improve their living conditions. 
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Increases in per capita productivity and improvements in living 
conditions of the agricultural population will also require fundamental 
changes in the marketing and credit structures, in the extension of edu­
cation and welfare services, and in the organization of production 
(63). For instance, changes in the marketing and credit structures 
through cooperative enterprises can facilitate small scale farming needs. 
Small farmers, acting as groups in cooperative organizations, can have 
better prices for their products them they will ordinarily receive by 
dealing with middlemen. They can also receive credit at low interest 
rates during the initial and final stages of crop and livestock pro­
duction. This would tend to curb usurious moneylenders and exploita­
tive landlords. In cooperative organizations, fanners can improve 
their methods of distribution through standardization of products which 
may lead to specialization and economies of scale. A recent govern­
ment publication articulates on the role of cooperatives in agriculture. 
It states that the cooperative will be the means by which the Guyanese 
nation will dsvslcp sccncsicslly 2nd socially. Through this medium 
small farmers can minimize their erstwhile problems for their mutual 
benefits (60, p. 7). 
Similarly, defects in agrarian structures will exert their in­
fluences on the agricultural sector and the attainment of noneconoraic 
goals of society. The interrelationships of rural agrarian structures 
and agricultural development are such that no one agrarian measure can 
be properly evaluated without considering its effects on other aspects 
of agrarian life (37; 100). Nonetheless, if reformers are concerned 
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only with the attainment of distributive justice or some particular 
political objective, their progress may have only an incidental impact 
on agricultural and economic development. Reform measures determined 
primarily by political expediency or propaganda will hardly ever have 
favorable permanent effects on agricultural production even though they 
may temporarily improve the general social conditions (37; 114). Thus, 
in adopting agrarian reform measures to foster development within the 
agricultural sector, careful consideration should be given to their 
financial, administrative and technical implications. Otherwise, they 
will be very expensive not only in terms of resources and lost production 
but also in terms of disappointment and discouragement (37; 75; 100). 
In addition, improvements in the area of education and welfare 
can help overcome illiteracy, ignorance of improved methods of production, 
and trâditiônalisia. with moEê educational facilities and a constant 
stream of technical information, the rural population is likely to be 
open-minded to innovations. This area which involves the social develop­
ment of individuals will consequently require government's assistance 
since it is beyond the scope of private enterprise (63). Included in 
this area is the provision of adequate health services and rural 
amenities. 
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E. Water Resource Improvements Within 
Agrarian Reform 
The Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Can je 
projects represent a complex system of water resource improvements 
within agrarian reform in Guyana (69; 75; 114) . These projects are 
aimed at providing land to the landless class in order to boost agri­
cultural output consistent with the national thrust toward self-
sufficiency in food. In this way, the transformation of subsistence-
traditional agriculture is possible âfhd reciprocal relationships with 
the national economy are likely to develop when farmers have the 
necessary incentive, knowledge and capital (114). 
Deliberate and purposeful changes such as the introduction of 
tenancy legislation which improves the tenant's security and the 
provision of credit, informational and marketing facilities will tend 
to accelerate the relative contributions of the agricultural sector 
to the national economy (63; 69). In a distributive sense, the land­
less class can have the means for economic citizenship when water 
resource improvements are rationally undertaken. If such improvements 
are also designed to improve per capita productivity in agriculture and 
to realize equal income distribution in the society, it is consistent 
with economic development, of which agrarian reform is a subset (19). 
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P. Role of.Drainage and Irrigation in 
the Agricultural Sector 
The control of water is fundamentally important to Guyana's 
agricultural sector which is confined to the coastal plain of 
marine alluvium. This plain, comprising about 2.63 million cultivable 
acres or about 5.0 percent of the country's total land area, is about 
5 to 10 feet below sea level at high tides (4). It also experiences an 
average annual rainfall of 90 inches with high intensities. Conse­
quently, drainage and irrigation are expected to play a significant role 
in the development of the agricultural sector. At present, only a 
small fraction of Guyana's land surface and potential cropland is 
under effective control (76). 
Inadequate drainage and irrigation affects sugar, rice and vege­
table crop production. The principal crops, sugar and rice, are the 
anchor of the agricultural sector in that they contribute about 20.0 
percent of the gross domestic product and provide employment to about 
30.0 percent of the economically active population (2; 3). On existing 
foodcrop faunns, investments in yield improvement or acreage expansion 
entail high risks without water control. The ability of foodcrop 
farmers to exercise control over the use of land and water hinges on 
the effective functioning of institutions and programs related to land 
tenure, land settlement and water management (76). 
The present thrust toweurd self-^sufficiency in food requires the 
agricultural sector to increase its relative contributions to the 
national economy (63; 79; 80). Toward this end, drainage and irriga­
33 
tion can play a complementary role through effective water control to 
farming areas. Water is a critical resource in the input-output mix 
aimed at stimulating agricultural production and productivity. Ac­
cordingly, drainage and irrigation systems must be regulated to meet 
the needs of particular crops. The capacities of such systems to drain 
and irrigate in terms of time and volume of water must be determined 
to ensure optimal performance (70). 
The implementation and development of the Tapakuma, Black Bush, 
Mahaica-Mahaicony-Abary and Canje projects is indicative of a conscious 
attempt by the central government to reclaim additional coastal land 
and to improve water control in the agricultural sector. 
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III. INVESTMENT CRITERIA FOR PROJECT EVALUATION 
Within recent decades, several investment criteria for 
project evaluation have appeared in the literature. These criteria in­
clude development strategy, benefit-cost analysis, internal rate of 
return, social marginal productivity of investment, reinvestment, social 
rate of discount, social opportunity cost of capital, output-invest­
ment, labor-investment ratio, and foreign exchange earnings-investment 
ratio. 
Furthermore, the lack of a dynamic theoretical framework for a 
wide range of development problems requires a partial rather than a 
general equilibrium approach to the urgent tasks of development 
planning. Necessary data for general equilibrium models do not facili­
tate identification of first-best solutions because to capture all 
variables involved in the developmental process is cumbersome and pro­
hibitive to the planner. Therefore, the planner seeks partial or second-
best solutions and the lack of consistent and accurate data weakens 
the usefulness of these solutions. These problems confronting develop­
ing economies are worsened by market imperfections which are departures 
from the norms of a perfectly competitive model. Consequently, the 
optimality conditions for resource allocation and maximization of 
producer profits amd consumer utility are not met. 
In developing economies, there are usually two approaches to 
decision making in public investment projects. One approach considers 
the concept of development strategy which seeks to find out whether or 
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not investment in public projects cein promote economic development of a 
region. The other approach involves the use of an analytical framework 
for project evaluation. The evaluation of a water-resource development 
project, for example, includes an analysis to show that the present 
value of net return from the project is positive. It also attempts 
to determine the optimum scale of project development. 
The present chapter attempts to review certain investment cri­
teria, market imperfections in developing economies, and a macro-
economic approach. These will be used in the economic analysis of 
selected drainage and irrigation projects in Guyana. 
A. Development Strategy 
Leibenstein regards the economies of developing countries as 
quasi-stable equilibrium systems which tend to return to an equilibrium 
position after an initial disturbance (42, pp. 15-37). For instance, 
if a productive investment takes place in an economy, it will tend, 
ceteris paribus, to increase productivity and per capita income J 
These, in turn, will induce population growth and cause income to go 
back to its initial level. In short, whenever the equilibrium of an 
underdeveloped economy is disturbed, there are some forces which tend 
to increase per capita income while there are other forces which tend 
to decrease per capita income. These conflicting forces operate simul­
taneously and perpetuate a low equilibrium trap. To lift an economy 
from such a trap, according to Leibenstein, requires growth promoting 
forces, that is, more than a "critical minimum", to outweigh growth 
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depressing forces (42, p. 16). 
Nurkse, on the other hand, advocates a "big push" theory to 
break an underdeveloped economy from its vicious circle. He suggests 
"a frontal attack...a wave of capital investments in a number of 
different industries" (77, pp. 58-60). 
While there is considerable consensus aunong economists with regard 
to the "minimum effort" or "big push" thesis, disagreement exists with 
regard to the appropriate strategy, balanced or unbalanced, for under­
developed countries. 
Nurkse, Rosenstein-Rodan and Lewis have been the principal 
proponents of balanced growth theory (77; 86; 45). Nurkse advocates a 
simultaneous application of capital to a wide range of industries in 
order to get an economy from its lowr-level equilibrium trap. He contends 
that if sectoral bottlenecks do not appear from the supply side an 
economy is likely to develop (77) . Lewis, however, observing the demand 
side, contends that workers and producers will be purchasing consumer 
mand if balanced growth exists (45). 
Some economists express reservations concerning the balanced 
growth theory. Singer, for instance, notes that the resources needed 
for the implementation of balanced growth are of such an order of magni­
tude that a country disposing of such resources will not be under­
developed (92; pp. 8-10). The thesis, he concludes, is applicaûale to an 
economy in the sustained growth stage rather than an economy at a low-
level equilibrium. Hirschman, however, states that a balanced investment 
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program will require huge amounts of precisely those resources which are 
most likely to be in limited supply in a developing economy. He advo­
cates deliberate unbalanced investment to create forward and backward 
linkages in an economy (34, pp. 50-61). A project with forward linkage 
stimulates investment in subsequent stages of production; with backward 
linkage, it induces investment in the early stages of production. 
Through the effective interaction of forward and backward linkages 
in a project, economic development can take place. Projects having high 
linkages do not permit private investors to capture all the benefits 
since they create a divergence between social costs and benefits and 
private costs and benefits. 
Apart from the "big push" thesis, another development strategy is 
democratic socialism. After World War II several countries, attempting 
to rehabilitate their economies, introduced this concept (24; 41; 46; 
81). It essentially means that the countries would preserve the funda­
mental democratic institutions within the framework of a planned politico-
socio-economic system. The state would own and control the commanding 
heights of an economy for the benefit of the working class or prole­
tariat. In this way, the working class would eventually replace the 
privileged class or bourgeoisie and thereby end the exploitation of 
man by man (11; 14; 16; 24). When a society reaches this stage, 
according to socialistic philosophy, it represents a progressive step 
toward the eventual establishment of a communist state. 
Many developing or Third World countriss such as Egypt, Yugoslavia, 
Ghana, Tanzania, Zambia, Nigeria, India and Guyana have also been 
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consciously purusing the socialistic philosophy in varying degrees 
(11; 46; 49; 81). The Soviet Union and Cuba, however, adhere to the 
scientific principles of Marxist-Leninist socialism which requires 
radical departures from the principles of Western democracy (11; 41; 
81). For exanple, the one-party system of government and the curtail­
ment of fundamental freedoms through the military establishment are 
permanent features of such brand of socialism. 
Guyana, as a case in point, employs the instrument of coopera­
tives to transform its economy (23; 63; 79; 80). The central govern­
ment hopes that the drainage and irrigation schemes, existing and 
proposed, at Tapakuma, Black Bush, Mahaica-Mahaicony-Abary, and Canje 
will not only attract new settlers but also encourage them to form 
cooperatives in order to increase agricultural output as an end-in-
view of national economic development. In this way, the urban areas can 
obtain food and fiber and therefrom supply the project areas with the 
necessary agricultural and nonagricultural inputs. With this challenge 
a ^ A OA a a mm ^ 1 ^ ^  « M A • X. 
can also give rise to many external effects and varied activities. 
Lewis notes: 
The most urgent need of most developing countries is 
for better transport, especially roads and harbors. 
The next priority is water - its conservation for agri­
culture, industrial, and domestic purposes (43, p. 3). 
He also adds tiiat investments which increase the output of food such as 
by irrigating or reclaiming lands are of the greatest urgency (44, p. 
126). Given the necessary infrastructural facilities in the project 
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areas, a viable agricultural export-base is possible. 
Although development strategy stresses the importance of invest­
ment in a sector, as in water resource projects, it cannot determine the 
optimum scale of project development or offer criteria for comparing 
alternative projects in the same sector. Investment criteria then 
becomes necessary. The next section deals with these criteria for 
project evaluation, 
B. Investment Criteria 
1. Benefit-cost ratio 
Investment criteria constitutes a useful guide to decision­
making in the field of water resource development and other public in­
vestments in assessing the desirability of projects within a benefit-
cost calculus. Decision-makers usually justify public expenditures on 
projects which have favorable benefit-cost ratios,- that is, the 
present value of total benefits to the present value of total costs is 
equal to or greater than unity. Symbolically, the benefit-cost 
ratio (BCR) is : 
T T 
BCR = Z B.(1+i) / Z C,(i+1)"^ 
t=o ^ t=o t 
where 
t = 0,...,T represents project life; 
B^ = project benefits which comprise gross outputs less direct 
farm production costs; 
= project costs v:hich include construction, contingency, on-
farm development, operation,- maintenance and routine re­
placement costs; and 
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i = interest (discount) rate. 
Traditionally in the United States, the Flood Control Act of 1936 
authorized participation in flood control schemes "if the benefits to 
whomsoever they may accrue are in excess of estimated costs". This 
legal requirement has tended to mold the development of benefit-cost 
analysis (13, p. 47). In developing countries, benefit-cost analysis, 
as an evaluation criterion, has been extensively used to determine the 
economic feasibility of development projects. Several lending agencies 
require such an analysis. Projects with unfavorable benefit-cost ratios 
are deemed uneconomic and risky for the allocation of scarce funds. 
Moreover, a typical benefit-cost analysis of a water resource 
development project will comprise; (1) identification and measurement 
of the significant benefits of the project,- (2) identification of dif­
ferent parts of the project and measurement of their costs, (3) time 
horizon of investment and benefits, and (4) aggregation of benefits to 
costs to a common time period in determination of the optimum scale of 
project development(103, p. 33). These features are only possible 
according to data availability and accessibility in the planning agency 
or country. In 1950, an inter-agency committee in the United States 
produced the "Green Book" (112), an attempt to codify and agree upon 
general principles. 
It is worthy to note that benefit-cost analysis has its theoretical 
foundations in welfare economics (84). Consider a perfectly competitive.model 
with its underlying assumptions: 1) consumers are rational. They have 
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preferences on which they act consistently. Their preferences 
are independent of the purchases of others, 2) producers are rational 
in that they maximize profit, and production takes place under condi­
tions of decreasing returns. Firms have different and independent 
production processes, 3) consumers aind producers have complete infor­
mation about prices and commodities. Relatively, the market participants 
are so small that they Ccinnot affect the prevailing prices, 4) pecuniary 
and technological externalities are absent, 5) resources in the economy 
are relatively mobile, and 6) the resultant distribution of income is 
appropriate. 
Given these assumptions, consumers equate the ratio of marginal 
utility to price for every commodity they purchase with the marginal 
utility of money in order to maximize utility. Producers, on the other 
hand, equate price with marginal costs in order to maximize profit. 
The technical rules of the production function and factor prices deter­
mine a firm's costs. Consumers' willingness to pay for the product 
reflects the benefit or value they derive from the product. Thus, in 
equilibrium, the marginal conditions require that the ratio of marginal 
benefits to marginal costs equals unity. 
Assume a project is undertaken in em economy where perfect compe­
tition exists. The marginal conditions can then be demonstrated 
symbolically with the use of a social welfare function. 
Let Aw = B - C, that is, a change in social welfare or national 
income is the difference between project's benefits (B) 
and costs (C) (1) 
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Project benefits: B = p^AY^ +...+ P^AY^, that is, 
the values or benefits of the new 
products, Ay^ ,... / AYj^ (2) 
Project costs: C = P^AXo +...+ P Ax , that is, the 
X, X. mm 
costs of new project factors, / 
Ax.,..., Ax„ (3) 
J6 m 
Project production 
function: F(Y^,...,Y^,X^,...,X^) = 0 (4) 
The increase in social welfare is maximized by maximizing 
^ = B-C-XF(Y^,...Y^,X%,...X^) (5) 
The first-order maximum conditions are; 
IyT ' ^IyT "  °  (i =  l,. . . , k )  ( 6 )  
-\|^= 0 (r = &,...,m) (7) 
or 
3b 
3X^ 
9f !fr 
8y. 3C 3y. 9F 
3B 3c 
3Yj 3f ~ 3x^ 3f 
or 
(8) 
(9) 
M = 1 (10) 
This condition means that marginal benefits and marginal costs 
are equal or that the benefit-cost ratio for marginal projects is 
I 
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unity without a budgetary constraint. With a budgetary constraint, 
however, the relations are different. If a policymaker seeks to 
maximize the increase in economic welfare arising out of a water resource 
program subject to a central government's budget for the area of 
development, the following relations can symbolically represent such 
a situation. 
The production relations of each project through a benefit func­
tion are represented by 
\ ^k-'^kg' \h^' (k = &,...,n) (1) 
where 
Bj^ = total benefit of project k; 
Cj^g = central government's cost of the project; and 
Aj^h ~ associated cost. 
The budgetary constraint is expressed by 
n 
Z C,._ < Y 
&=1 
where Y is the central government's allocation to the water-resource 
program. (2) 
The augmented objective function of this optimization model is 
n n n n 
W= 2 BJC I E A^^-z ( 2 C -Y) (3) 
X,=l " jl=i 2=1 £=1 
The first-order maximum conditions are? 
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These conditions simply state tiiat the benefit of the marginal 
expenditure of central government's funds must exceed one by a 
factor reflecting the tightness of the budgetary constraint while the 
benefit of the marginal expenditure of associated cost is equal to one. 
If the constraint is not effective, z is equal to zero (13, p. 75). 
Other constraints of a legal, administrative or distributional nature 
are also possible. 
Despite the usefulness of benefit-cost analysis in project evalua­
tion, it has two general limitations. First, it is only a technique 
for making decisions within a framework which has to be decided upon in 
advance and which involves a wide range of considerations, many of them 
of a political or social character. Second, benefit-cost techniques 
as so far developed are least relevant and serviceable for large-size 
investment decisions which are likely to alter the matrix of relative 
outputs and prices over the whole economy (84, p. 686). When this 
condition arises, a general equilibrium approach is necessary, 
2. Internal rate of return 
The internal rate of return is cinother criterion for project 
evaluation. It is that rate of discount which makes the present 
value of benefits equal to the present value of costs or which makes the 
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present value of the entire stream of benefits and costs exactly equal to 
zero (73, p. 198). Following Harberger, the internal rate of return 
(IRR) on a project (P) is obtained by the solution of the following 
expression: 
IS-
where B. represents the benefits anticipated to accrue in year t of a 
project's life and represents the costs anticipated in year t. T 
is the length of project life and p is the rate of discount. Costs 
include capital outlays, labor, materials, and maintenance and repair 
expenditures (25). 
The internal rate of return is easily calculated from project data 
alone because it does not require data on the opportunity cost of capital 
which is critical to the present value technique. However, when the 
time profile of net benefits causes zero more than once, the above 
formula yields multiple solutions because the flow of net receipts less 
operating costs is not monotonically increasing. Such solutions arise 
when project equipment requires frequent replacement or when project 
termination involves substantial net costs. Gittinger advocates the 
internal rate of return as an investment criterion in the economic 
) 
analysis of agricultural projects (20). This criterion is appliczible 
to water resource development projects including those for irrigation 
and ground water, land reclamation and drainage, salinity prevention, 
and flood control. 
The internal rate of return facilitates decision-making in 
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independent projects since it screens out those projects whose internal 
rates of return are below the opportunity cost of investable capital. 
Thus, like the benefit-cost ratio, it rejects infeasible projects and 
accepts feasible ones. It tends to favor projects with large operating 
cost-investment ratios, 0/K, since it concentrates on the initial 
investment return. This is unlike the benefit-cost ratio which favors 
projects with high initial outlay and low operating costs. 
Finally, the internal rate of return as an evaluation criterion 
has certain disadvantages when projects are alternatives to each other. 
Projects having lower internal rates of return may be preferable to 
alternative projects having higher internal rates of return. Suppose 
project X has an IRR of 18.0 percent and project Y has one of 12.0 
percent, it can well occur that project Y has a higher present value 
than project X. Authors such as Friedrich and Vera Lutz, Roland N. 
Mc Kean and J. Hirshleifer have recognized this point and the dis­
advantages of the internal rate of return (50; 57; 35). 
3. Social marginal productivity of investment 
Apart from, the foregoing criteria, the social marginal pro­
ductivity of investment (SMP) criterion is also useful for public-
investment decision-making. This criterion, as advanced by Chenery, 
attempts to measure a project's impact on various national objectives 
which can be reduced to a common measure (6, pp. 76-96). If u is the 
common index of social welfare, then 
U = U(Y, B, D) (1) 
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where 
Y = project effect on national income; 
B = project net effect on balance of payments; and 
D = project effect on distribution of income. 
An increment in U corresponding to a given investment gives 
I f  u is measured in national income units, then 3U/3Y equals unity 
and (2) becomes 
Au = AY + II AB + 1^  AD 
Chenery also shows the above evaluation criterion in another 
form: 
where 
K = fixed investment; 
V = domestic social value added; 
C = total cost of domestic inputs during project operation; 
3 = total net effect on the balance of payments; and 
By 
— = premium per investment unit due to the effect of over-
ûr under-valustier of the balance of payments. 
This criterion is a combination of the capital turnover ratio 
(^), the value margin or value added , and the balance-of-
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payments effect (—) which are commonly employed in the evaluation 
of industrial and agricultural projects. The SMP is the product of 
V-C the percentage margin of social value over cost (—:^) and the rate of 
capital turnover plus the balance-of-payments premium (6) . The two 
terms of the product, according to chenery, need not be correlated and 
can be offsetting (6). For example, a decrease in the rate of capital 
turnover may be offset by a proportionate increase in the value margin 
and vice versa. 
To arrive at the net social return, Chenery eliminates the ef­
fects of tariffs, taxes and subsidies on both outputs and inputs but 
includes external economies and the social value of unused resources 
such as unemployed labor (6). Eckstein, in addition, makes two ad­
justments to arrive at net social return. These adjustments incorporate 
the value of underutilized rather than completely idle resources such as 
labor and the value of social overhead services essential to the full 
production of project (12). 
Chenery also notes that when the balance-of-payments effect is 
included in the foregoing formula, there is no positive correlation 
between the capital turnover rate and the SMP of project investment 
(6). The value margin (~^) is fairly constant. In the case of 
agricultural projects in Italy and Greece, Chenery argues that there is 
a negative correlation between ^  and SMP because of the relatively 
high value of the balance-of-payments effects and the relatively low 
value of the capital turnover race (5). A low capital turnover 
rate is accompanied by a high value margin. 
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The SMP formula has certain limitations. It measures average project 
output and not marginal project output; it is a marginal concept which 
cannot determine the scale of project (12). It also measures only 
capital productivity and not input productivity. It is a static 
criterion trying to maximize immediate output and not including the ef­
fect of investment and savings (50). 
4. Reinvestment 
In contrast to the social marginal productivity of investment 
is the reinvestment criterion. This criterion, as advocated by Galen-
son and Leibenstein, attempts to maximize per capita output on a 
specified future date without being concerned with welfare or consump­
tion level of the population in each period preceding that specified 
future (18, p. 352). An initial investment together with a given labor 
force will tend to generate, ceteris paribus, additional income which 
can be channeled into consumption, savings, capital accumulation and 
reinvestment. In this way, a high rate of capital accumulation is pos­
sible if population increase does not outstrip the net effect between 
output and consumption. A high population growth rate will tend to 
decrease per capita output. The larger the portion of the output of an 
industry, a project or a society, which is reinvested rather than 
consumed, the quicker will be the process of capital accumulation and 
employment creation. The investment decision rule is to equate the 
marginal per capita reinvestment quotient in its alternative uses 
in order to maximize per capita consumption at a specific time in the 
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future. 
Eckstein notes that each project has a marginal growth contribu­
tion which combines the present value of direct contribution of the 
project investment to output and the output resulting from the re-
investable surplus of the project (12). Consequently, there are trade­
offs between the direct and reinvestable surplus outputs of an initial 
project investment. At a high interest rate the direct contribution 
component of a project prevails because of short-term gains. At a low 
interest rate the reinvestable surplus component predominates because of 
long-term gains. However, if the reinvestable surplus goes into 
projects with low marginal productivities of capital and high re­
investable components, the decision rule favors those projects with high 
reinvestment components irrespective of the level of interest rate. It 
is contended that national income is maximized by maximizing the ratio 
of annual project output to project investment. 
The reinvestment criterion has several limitations, especially 
in its application to a developing country which undertakes substantial 
expenditure on social infrastructure. Such an infrastructure per se 
does not generate surpluses for additional investments. Data deficiencies 
and the absence of a well-coordinated long-term reinvestment policy in 
a developing economy can render the reinvestment criterion impracticable. 
This criterion is suggestsd mainly for industrial projects which are 
undertaken by the public rather than the private sector. Public in­
vestment progrcuns undertaken erratically cannot generate consistent 
long-term policy between saving and investment decisions. Thus, a 
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sophisticated planning system for both the private and public sectors 
is essential to the practicability of the reinvestment criterion. A 
developing economy is not likely to have the manpower for such a 
system. 
5. Annuity approach 
In addition to the foregoing investment criteria, the annuity or 
annual value approach is often employed in project evaluation (8). 
This approach simply states that a stream of money benefits 
•../ has a present value, PV(B), and corresponding to the stream 
of benefits will be an annuity, A^, which, when discounted, will have 
the same present value as B^ + Bg ... + B^, so that PV(Ag) = PV{B). 
Similarly, an annuity corresponding to the stream of costs, A^, so 
that the decision rule is; rank by A^-A^ (8, p. 168). This decision 
rule gives the same result as the present value rule. 
6. Terminal value 
This criterion, unlike the annuity approach, attempts to obtain 
a terminal value by compounding benefits and costs forward in time to 
the terminal period which is usually the end of the project's economic 
life. The decision rule then is to rank by TV(B) - TV(K) , that is, 
the net terminal value of benefits and costs. 
Mishan, however, to make the terminal valus approach more appli­
cable suggests a normalization procedure for public investment cri­
teria (72, pp. 777-796). Underlying this procedure are the as­
sumptions that (1) resources are fully employed in the economy, (2) 
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returns to any investment project are known beforehand, (3) a single 
rate of interest, r, represents society's rate of time preference, (4) 
a certain rate in perpetuity, p, exists to all investment in the private 
sector and (5) r is less tl.an p indicating that the value of invest­
ment for the economy is below the optimal volume, 
Mishan's normalization rules are: (a) compound all consumption 
benefits at the social time preference rate, r, (b) compound any re-
investable surpluses and any costs at the opportunity cost rate, p, 
(c) select a common terminal period, T, for all investments, and (d) 
equalize cost outlays across projects so that each project has the 
same present value of costs. 
This procedure also attempts to place the various decision 
formulas on a comparable basis to ensure equivalent rankings (8, pp. 
170-171). 
C. Market Imperfections in 
Developing Economies 
It is instructive at this point to note market imperfections in 
developing economies. These imperfections are deviations from the norms 
of a perfectly competitive model (10; pp, 35-40; 29, pp. 206-249). 
For example, in developing economies the transportation systems lead to 
fragmented markets so that consumers and producers do not have com­
plete information about market conditions, consequently, market 
participants conduct economic transactions based on historical habits 
and customs instead of economic rationality. The institutional systems 
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of developing economies which are not fully developed tend to support 
rigidities which, in turn, cause the immobility of various factor 
units. The price system does not function efficiently as an allocator 
of scarce resources. 
Market imperfections affect the efficacy of investment criteria 
for project evaluation and selection. Typically, it is assumed that a 
developed economy approximates the competitive model and allocates its 
scarce resources among competing ends efficiently. Consequently, the 
efficiency conditions for profit and utility maximization are satis­
fied. 
In a developing economy, these conditions usually are not satisfied 
because of the presence of certain market forces which systematically 
lead to a misallocation of resources. Factors of production which are 
relatively abundant will be underutilized relative to limiting 
resources. Labor, for example, which may be overvalued because of col­
lective bargaining agreements or legislative arrangements may be under­
utilized relative to capital, which may be undervalued because of capital 
rationing or institutional requirements on interest rates (89). The market 
mechanism in developing economies does not register prices as it would 
in developed economies because of the presence of noncompetitive 
structures which inhibit the efficiency conditions for profit and utility 
maximization. 
To correct anomalies arising from the "fundamental disequilibrium" 
in developing economies vis-à-vis the perfectly competitive model, one 
approach is to construct investment criteria with the aid of shadow 
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prices. This approach, according to Tinbergen (102), Eckstein (13), 
Flemming and Feldstein (17) assumes that noncompetitive conditions 
prevail. Modifications are then made to the competitive model so that 
the resultant conditions would approximate the competitive equilibrium 
market prices. A shadow price, it must be noted, is the opportunity 
cost or social cost of using a factor of production. It is also the 
unit contribution to an objective function and is not necessarily 
limited to a closed mathematical or programming system (8; 17; 19; 
56) . 
Shadow prices are likely to be necessary when changes in an economy 
occur so rapidly that the market mechanism fails to adjust; the dis­
equilibrium prices will not reflect true social costs and benefits; when 
a large and indivisible project may cause market prices to change so 
that it may not be possible to find a single ruling market price with 
which to measure the value of inputs and outputs (17). Shadow prices are 
also necessary when monopolistic elements exist in the market, or when 
measure of social benefits and costs; when only a part of the effects 
of a project can be associated with an exchange of money because of 
technical, administrative or social reasons which cannot measure in 
monetary terms all benefits and costs. 
The other approach, according to Marglin (52), contends that the 
rate of interest determined in an atomistic competitive market is in­
appropriate for the planning of collective investment. What becomes 
the appropriate measure is a social rate of discount in view of the 
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presence of externalities and the inconsistency between market and 
political preference maps. It is that rate of discount which is below 
the equilibrium rate of interest thrown up by a competitive economy. 
This rate is influenced by collective saving and consumption habits 
regarding present and future generations (52). Market conditions in 
developing economies deviate considerably from the competitive 
economy. The economic environment, for example, encourages producers 
and consumers to make suboptimal decisions in regard to production and 
consumption activities. Historical habits and customs become the norm 
for economic intercourse instead of economic rationality. The market 
size, too, encourages noncompetitive structures which inhibit the 
efficiency conditions for profit and utility maximization. The 
presence of under- and un-employment in developing economies renders 
the full employment solution of the perfectly competitive model in­
effective. Meanwhile, income distribution necessitates conscious 
monetary and fiscal measures to alter its distribution pattern. 
In any discussion of investment criteria and market imperfections 
in developing economies, it is instructive to consider certain 
factors which complicate the application of investment criteria to 
public projects. The field of water resources developr.cnt is not 
immune to such factors as the appropriate interest rate, the social 
rate of discount, and the opportunity cost of capital which are 
relevant to the design, evaluation, and selection of projects. These 
factors are discuâSôu bëlOw, 
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1. Interest rate 
It is customary in the United States to use the interest rate of 
long-term government bonds, as the appropriate rate of discount, in the 
evaluation of water resource projects (13, pp. 42-46; 113). It is con­
tended that bonds are safe since the federal government can always tax 
in order to pay the interest and principal on them. Further, it is 
contended that the government, operating in a perfectly competitive 
capital market, could always raise investable funds for water resources 
development since there are lenders who are willing to supply the money 
at the going federal bond rate which might then be taken as the social 
cost of the loan (13, p. 95). This interest rate, however, fails to 
measure the full social cost of capital and the lender's risk is 
relatively small. In a full employment economy an increase in water 
resource projects necessitates curtailment of other expenditures or 
increased taxation in order to stabilize the economy. Hence, money is 
not actually raised through voluntary bond sales. The rate of return 
on private investments is of little normative significance to public 
projects. So, the choice of a unique interest rate for project evalua­
tion is still problematic. 
The private sector interest rate is appealing in the evaluation of 
public projects because of its correspondence, or supposed correspondence, 
with two magnitudes. First, it is supposed to represent the time 
preference of the population of a country, expressing the relative 
weights to be attached to present and future streams of consumption. 
Second, it is supposed to e:gress the productivity of private capital 
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investment, and this represents the opportunity cost of public sector 
projects (91, p. 63). Both of these magnitudes present difficulties 
which are discussed under the social rate of discount. 
2. Social rate of discount 
The ubiquitous imperfections of the capital market render the 
market interest rate in a public policy decision inappropriate. 
Marglin, however, advocates the social rate of discount as the ap­
propriate measure for the planning of public or collective investment 
(52). This rate is established outside of the price mechanism since 
there is a divergence between the economic man and citizen in regard to 
saving and consumption decisions. The economic man and citizen are 
different individuals. The subjective time preference of the individual 
in private affairs is strongly influenced by the thought of the brevity 
and uncertainty of the individual's life. When acting as a citizen, the 
individual assumes that the community, in which he takes an interest, 
will be in existence when he is already mouldering in the grave. The 
social rate of discount reflects an aggregate of future benefits and 
costs. It is a normative function reflecting society's evaluation of 
the relative desirability of consumption at different points in 
time (15, p. 361). 
Marglin outlines three approaches to formulate a functional rela­
tionship between individual time preferences and the social rate of 
time preference (52). The authoritarian approach is inevitable to 
stigmatize individuals' preferences for their own consumption against 
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consumption by future generations as "socially irrational" (52, p. 
96). Individuals must be coerced to make saving decisions for the 
benefit of future generations. Government, being the guardian of the 
interests of present and future generation, can effectively use the 
political mechanism to reject individual time-preference maps. This 
implies, according to Pigou, that the social welfare function comprises 
the preferences of both present and future generations (83, pp. 22-30). 
Marglin, nonetheless, rejects this notion of the social welfare function 
and contends that it only represents the preferences of individuals who 
make up the present polity (52, p. 97). 
The other approach Marglin calls the "schizophrenic" argument which 
simply suggests that in their day-to-day behavior, individuals are ir­
responsible (52). If the matter of time preference was put to the vote, 
individuals might vote in a different manner from their day-to-day 
actions. For example, individuals might vote for a rigid set of 
traffic rules which they might violate in their individual actions. 
This reflects the inconsistency between political and individual 
preference maps. 
The third approach, unlike the other two approaches, reflects the 
interdependence of individual and collective saving and consumption 
decisions. It starts from the premise that each individual's satis­
faction may depend directly on the consumption of other individuals, 
present and future, as well as on his own consumption. The individual 
then uses the political mechanism to maximize his own preferences. He 
joins with other individuals to make collective investments which will 
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lead to higher planes of personal utility. Such a contract between 
himself and others is unobtainable via the market mechanism, and 
the social rate of discount is distinct from the private sector 
interest rate. Hence, the decision rule in the evaluation of public 
projects is to equate j^he marginal productivity of investment with the 
social rate of discount in order to realize an optimal level of in­
vestment (90; 91). 
3. Social opportunity cost of capital 
Related to the interest rate and the social rate of discount is the 
social opportunity cost of capital in public investment. It is a 
measure of the value to society of the next best alternative use as 
to which funds employed in the public project might otherwise have been 
used. In a perfectly competitive economy the market interest rate can 
represent the social opportunity cost of these funds, but in a mixed 
economy with different opportunities for private and public investment, 
no single interest rate is appropriate to reflect social time preference 
and the productivity of funds in private investment. Shadow pricing 
then becomes necessary, and to produce socially optimum decisions, an 
interest rate would instead have to equate the social productivity of 
investment schedule with a politically determined saving supply 
schedule (15, p. 364). 
The social opportunity cost of capital depends on the source of 
the particular funds and must reflect the social time preference func­
tion» Marglin assumes that private investment results in a direct 
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benefit stream which is constant over time and savings are a fixed 
fraction of income (53). In symbolic terms, the social opportunity 
cost (SOC) of capital is written thus: 
SOC = K[8(p/r) + (1-0)] 
where 
K = actual capital cost; 
0 = aggregate marginal propensity to save from disposable , 
income; 
p/r = social present value per dolleu: of private investment; 
0(p/r) = loss from displacement of private investment for each 
dollar of public investment; and 
(1-0) = fraction of public investment displacing private 
consumption 
Krutilla and Eckstein in their study of multiple purpose river 
development xn the Unxted States attempted to measure the social 
opportunity cost of capital (38, pp. 78-130). 
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Project Evaluation 
The present section deals with macroeconomic considerations in 
project evaluation particularly to a developing economy like Guyana. 
The considerations focus on three basic national economic objectives 
which are explicitly and implicitly stated in Guyana's second develop­
ment plan 1972-1976 (63). These objectives are aggregate consumption, 
regional distribution of income, and distribution of income to small 
farmers. The theoretical formulation of the macroeconomic model 
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underlying each of the national economic objectives is presented below 
following United Nations guidelines for project evaluation (109, pp. 338-344). 
1. Aggregate consumption 
In evaluating net aggregate consumption benefits it is instructive 
to assess the benefits and costs under the assumption that market prices 
adequately reflect social opportunity costs and, therefore, the ulti­
mate consumption benefits and costs involved. The additional as­
sumption is made that the aggregate consumption objective subsumes 
away the employment objective which is subservient to output creation. 
The first step of approximation of the market value of net aggregate 
consumption benefits (MC) in any given year of the project can be 
defined as follows (109, pp. 338-344); 
MC^ = (1) + (2) - (3) - (4) - (5) - (6) - (7) 
where 
(1) = agricultural output; 
(2) - housing and social services; 
(3) = construction costs; 
(4) = operating costs; 
(5) = farmer agricultural costs; 
(6) = ministry agricultural costs; and 
(7) = agricultural income foregone. 
The second approximation involves the adjustment of the market 
prices of specific resources such as foreign exchange,- skilled labor 
lit seems that there is ambiguity as to the appropriateness of 
deducting (7) from this formula. 
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and unskilled labor when their prices do not reflect the real contribu­
tion of the resources to the aggregate consumption objective. In­
corporating the opportunity cost premiums for each of tlie resources, 
the net aggregate consumption benefits (Sc) of the project can be 
written as follows: 
SC = (1) + <p( l 'F)  + (2) - (3) - A(3-L) - <J)(3-F) 
-(4) - X(4-L) - (j)(4-F) - (5) - X(5-L ) 
- X(5-L^) - 4)(5-F) - (6) - X (6-S) - (j)(6-F) - (7) 
Rearranging terms, this equation can be written thus: 
SC = MC + (t)FE + XL + X^E 
where 
FE = (1-F) - (3-F) - (4-F) - (5-F) - (6-F) 
L = -(3-L) - (4-L) - (S-L ) - (5-L") 
E -(6-S) 
(f) = foreign exchange premium; 
X = unskilled labor premium; 
X = social premium on the market wage of an agricultural: 
extension worker; 
(1-F) = foreign exchange benefits; 
(3-F) = foreign exchange construction costs; 
(4-P) = foreign exchange-operating costs; 
(5-F) = foreign exchange - farmer agricultural costs, 
(6-F) = foreign exchange - ministry agricultural costs; 
63 
(3-L) = unskilled labor costs, 
(4-L) = unskilled labor operating costs; 
F (5-L ) = family labor - farmer agricultural costs; 
(5-L^) = hired labor - farmer agricultural costs, and 
(6-S) = extension workers - ministry agricultural costs. 
The final approximation to the net aggregate consumption benefits 
of the project considers the adjustments necessary when the social 
value of funds devoted to investment exceeds the social value of the 
same funds devoted to consumption. This situation arises when there 
is a divergence between the marginal rate of return on investment, q, 
and the social rate of discount, i. It also reflects the limitations 
of government's fiscal and monetary powers. 
The opportunity cost of investment, (OCI), is defined as the 
ratio of the social value of investment to the social value of con­
sumption (109, p. 341). The value of OCI can be determined according 
to the formula: 
where 
i = social rate of discount; 
q = marginal rate of return on investment; and 
s = economy-wide marginal rate of reinvestment of profits, 
expressed as a fraction of total profits. 
The final approximation to the value of net aggregate consumption 
benefits, C, is equal to the second approximation, SC, corrected by a 
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term that multiplies the total marginal savings out of net project 
consumption benefits by the excess of the social value of investment 
over the social value of consumption (OCI-1). Thus, 
c = sc(OCI-1) [sfsc^  + S^SC^ + S^SC^ + S^SC^] 
where SC = distribution of second approximation net consumption 
P L G T benefits by group SC ,SC ,SC ,SC = value of net consumption 
benefits flowing to farmers, F, unskilled workers, L, 
government, G, and taxed public, T, respectively. 
F L G T 
It is also necessary to correct SC ,SC ,SC ,SC according to the 
proportions in which each is divided between consumption and 
F investment. For example, if a farmer saves a proportion S of his 
marginal gains, then the social value of the net consumption benefits 
flowing to farmers is; 
C^ = [S^OCI + (1-S^)]SC^ 
Similarly, the social value of net consumption benefits flowing to un­
skilled workers, to the government, and to the taxed public can be 
written as follows: 
C^ = [S^OCI + (1-S^)]SC^ 
C^ = [S^OCI + (1-S®)]SC® 
c'^ = [S^OCI + (i-s'^)]sc^ 
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2. Regional distribution of income 
This national economic objective considers the total value of 
net aggregate consumption benefits to be redistributed to the project 
region in any given year. Symbolically, it is written (109, pp. 
344-346): 
DR^ = (1) + (2) + (3-L) + (3-S) + (4-L) + (4-S) 
-(5) + (5-L^) + (S-L") + (6-S) - (7) 
+ (8) - (9) - (10) 
where (1), (2), (3-L), (4-L), (5), (5-L^), (5-L"), (6-S) and (7) 
are defined as above and where 
(3-S) = skilled labor - constrijction costs 
(4-S) = skilled labor - operating costs; 
(8) = compensation to landowners; 
(9) = irrigation fees; and 
(10) = rental and interest payments^. 
P 
Further, DR does not have to be corrected, as in the case of MC, 
for the social opportunity costs of foreign exchange, unskilled labor 
and investment vis-à-vis consumption. What is an opportunity cost in 
regard to aggregate consumption for the whole country is not 
necessarily an opportunity cost for a particular region^f^ For example, 
in inporting inputs for the Tapakuma project, Guyana as a whole fore­
goes benefits commensurate with the opportunity cost of foreign exr-
change. The Tapakuma farmer, however, only foregoes benefits equal to 
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the market cost of ingorted fertilizers when he buys them. Thus, the 
loss due to the extra social value of the foreign exchange used is 
spread over the whole country, and its effect on Tapakuma can be re­
garded as negligible. The same line of reasoning applies to unskilled 
labor and investment in project regions. 
It is likely, too, that part of project benefits will be respent 
in Tapakuma, thus causing multiplier effects. Consequently, in 
assessing total net consumption benefits distributed to Tapakuma by the 
p 
project, it is necessary to adjust DR . If k represents, for exposi­
tory purposes, the proportion of marginal benefits to Tapakuma which 
generates additional benefits to the Tapakuma region, then the total 
value of net regional consumption benefits in any given year is given 
where 
= regional-income multiplier. 
3. Distribution of income to small farmers 
In evaluating this national economic objective, it is necessary 
to compare the economic position of small farmers both before and 
after the construction of the project. This may be a difficult process 
because of data constraints particularly in a developing country like 
Guyana. Nevertheless, under certain assumptions, it is possible to 
get small farmers' net earnings, their net agricultural income forgone, 
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their imputed family wages, and the relevant value of benefits. 
These will be dealt with fully in Chapter V. 
Symbolically, the total value of net consumption benefits provided 
by a project to small farmers can be expressed as (l09, pp. 346-
347) : 
= a[(l) - (5) + (5-L^) - (9) - (10)] + b(2) - c(7) 
where 
a = net farm earnings; 
b = proportion of small farmers in project area. 
c = proportion of annual net income from current cultivation; 
and where (1), (5), (5-L^), (9) (10), (2), and (7) are defined as above. 
p 
As in the case of the regional redistribution benefits, DR , 
Sp 
it is not necéssary to correct R for the failure of market prices to 
reflect social opportunity costs. 
This chapter has reviewed several investment criteria for project 
evaluation. Their applicability to developing economies has been 
noted because of market imperfections. Investment criteria applicable 
to water resource developments in Guyana are the benefit-cost, internal 
rate of return, and social marginal productivity of investment cri­
teria. The benefit-cost criterion can be modified to accommodate market 
imperfections in developing economies by adjusting the market prices of 
capital, labor, and foreign exchange for under- or over-evaluation. 
Shadow pricing then becomes necessary. The internal rate of return 
criterion is readily applicable to project data alone since it, unlike 
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the benefit-cost criterion, does not require data on the opportunity cost 
of capital. In addition, from the social marginal productivity of in­
vestment criterion the capital turnover rate, the value margin, and the 
balance-of-payments effects of a project can be obtained. 
Complementing the BCR, IRR and SMP criteria in the evaluation of 
water resource developments in Guyana is a macroeconomic formulation 
which focuses on the national objectives of aggregate consumption, 
regional distribution of income, and distribution of income to small 
farmers. Chapter V presents an application of these procedures to the 
Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje projects. 
As a preparatory foundation for this application. Chapter IV discusses 
the major drainage and irrigation projects. 
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IV. MAJOR DRAINAGE AND IRRIGATION PROJECTS 
IN GUYANA 
The introduction of major drainage and irrigation projects par­
ticularly to Guyana's coastal region represents a conscious attempt to 
tackle the nation's water control problem. The Tapakuma, Black Bushj 
Mahaica-Mahaicony-Abary, and Canje projects, existing and planned, with 
their intricate network of drains, channels, embankments, and structures 
will help minimize the perennial problem of drainage and irrigation on 
the coastal plain. This plain, comprising 2.63 million acres of 
cultivable lands or about 5.0 percent of the total land area, is low 
lying and experiences an average annual rainfall of 90 inches with 
high intensities (9). It is about 5 to 10 feet below sea level at 
high tides, and the design of drainage system for maximum flood is 
always problematic. 
Providing land to the landless class as an integral part of 
agrarian reform in Guyana involves land reclamation especially along 
the 270 mile alluvial coastal strip. Such a measure requires adequate 
drainage and irrigation which have complementary relationships. In­
adequate drainage serves no useful purpose to settlers in reclaimed 
land where agriculture is their chief means of livelihood. When 
settlers suffer crop losses due to poor drainage, they tend to 
abandon their plots, thereby causing a high degree of absentee owner­
ship (69; 70). Furthermore, when settlers do not have sufficient water 
for their crops, they suffer losses with severe economic consequences 
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for them and the national economy. Frequent losses tend to make 
agriculture an uneconomic activity for the farming population in 
project areas. Nevertheless, a rational development of drainage 
and irrigation projects through their complementary relationships can 
promote agrarian and agricultural development which are ends-in-view of 
economic development. 
The current water resource program attempts to replace or improve 
ad hoc measures taken to grapple with the nation's water problem. 
Gravity drainage, though useful, is only effective at low tides when 
the kokers or sluices are open to let off excess water into the sea and 
tidal river. This system of drainage suffers from a natural drawback 
in that outlets discharging into the sea become silted up within a 
relatively short period of time. The siltation is due largely to the 
heavy load of clay and sediment, approximately 150 million tons annually 
which are transported along the coast (9, p. 60). These deposits form 
bars across outlet channels in the dry seasons during the months of 
August to October and February to April when discharge from drains is 
minimal and irregular. Consequently, the foreshore accretion of sling-
mud and silt reduces the effectiveness of outlet channels during the 
wet season, May to July. Inadequate water control still remains a 
critical issue. In project areas with pumped drainage on a large 
seals, it is hoped; the situation can be improved. 
The Tapakuma and Black Bush projects, implemented in the early 
1960=5 to provide drainage and irrigation to the farming communities 
on the Essequibo and Corentyne coasts, will be expanded to accelerate 
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agricultural development (26; 27; 28). The Tapakuma project, for 
instance, will be expanded to include another 22,000 acres in the 
Somerset-Berks, Johanna Cecelia and Supenaam areas so that the total 
project will comprise 57,000 acres (26). The Black Bush project, on the 
1 
other hand, will be expanded to include another 51,500 acres in the 
Backlands and Manarabisi areas so that the total project will comprise 
82,800 acres (28). Construction work on the Tapakuma project has 
already begun while work on the Black Bush project is scheduled for 
1977. 
Settlers in both project areas would engage in rice and mixed 
farming activities. The current emphasis to be self-sufficient in 
food reflects government's preference toward agricultural development 
in project areas which can play a pivotal role in national economic 
development. Improvements in drainage, irrigation, and flood control 
facilities are prerequisites to the attainment of such role. 
At present, the Mahaica-Mahai^ony-Abary project is inchoately 
developed (5; 32). The project area (Stage 1) stretches from the right 
bank of the Mahaicony river to the left bank of the Berbice river, 
covering approximately 323,000 acres, while the entire project area 
(Stages I, II, and III) covers adxjut 600,000 acres (5). Construction 
work on Stage I phase of the project has already been started by the 
Hydraulics Division of the Ministry of Agriculture. 
Stage I area would be devoted to paddy, sugar cane, coconut and 
ground provision crops. This cropping pattern, hcvfever, is subject to 
change as officials in the Ministry of Agriculture revise their plans 
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for the project development. Improvements in the project entail works 
designed for flood control, storage, drainage, and irrigation (5). 
The Canje project, like the Mahaica-Mahaicony-Abary project is 
inchoately developed. The project area covers approximately 517,000 
acres between the right bank areas of the Canje river and across to 
the Corentyne river (102). This project would be tackled in three 
stages and construction work is scheduled for 1977. 
The project areas would be devoted mainly to paddy, sugar cane, 
mixed farming and livestock activities. Such land-use arrangement 
necessitates improvements in pumped drainage and irrigation pri­
marily because of project's topography. This will be discussed in 
Section B. 
The comprehensive drainage and irrigation systems in the Tapakuma, 
Black Bush, Mahaica-Mahaicony-Abary and Canje projects will increase 
facilities on land already developed, bring under cultivation land at 
one time exploited and now abandoned, and extend agriculture to virgin 
land suited to peasant rice cultivation and other crops (5; 26; 27; 
28; 71; 105; 106). Thus, it is extremely necessary to have water budgets 
for sugar, rice, coconuts, citrus and ground provisions which are at 
present the country's main agricultural crops. The tolerances of these 
crops to flooding and high water tables are essential since they affect 
their respective "mode of production"= For Instanoe, ïïvechsniGâl paddy 
harvesting cannot take place in fields having water beyond the crop 
tolerance level. The adoption of inçroved technology which has a low 
tolerance for unreliable water control is unlikely in minimally protected 
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lands. This, in turn, inhibits agricultural productivity and sectoral 
targets. As already mentioned, about 33.0 percent of the economically 
active population in Guyana engage in various forms of agricultural 
pursuits, emd the two major crops, sugar and rice, are a constant source 
of foreign-exchange which is vital to the development of the domestic 
economy providing adequate water control is always maintained (2, pp. 
18-95). 
The declared drainage and irrigation areas in Guyana also repre­
sent central and local government's efforts to cope with the water 
control problem. Table 3 presents a summary of estimates and expendi­
tures for these areas during 1972-1975. In 1972, the expenditure was 
G$1.4 million while in 1973, it was G$2.1 million, reflecting an increase of 
50.0 percent. In 1974, the estimated expenditure was G$2.1 million while 
in 1975, it was G$3.1 million, reflecting an increase of 36.0 percent. It 
is evident from Table 3 that expenditures for these areas have been 
increasing annually. Repairs and replacement due to vandalism were 
partly responsible for the increased expenditures (68). 
The Essequibo, West Demerara, East Demerara, Corentyne, and Upper 
Corentyne districts are geographically related to the major drainage 
and irrigation project areas located on the coastal plain. These 
districts are important for agricultural, social and cultural 
activities, and are not mutually exclusive from the mainstream of eco­
nomic activities in Guyana (63; 64; 69). Investments made in the 
Tapakuma, Black Bush, Mahaica-Mahaicony-Abary, and Canje projects would 
generate multiplier effects in the Essequibo, Demerara and Serbice 
Table 3. Summary of estimates and expenditures for drainage and irri­
gation areas excluding special rate areas, 1972-1975 
(in Guyana dollars)^ 
Expenditure Estimate 
District Acreage 1972 1973 
ii) ($) 
1. Essequibo; 
(a) Tapakuma Drainage and 
Irrigation including 
Zorg-en-Vlygt Aberdeen 
and Three Friends to 
Walton Hall - Drainage 
and Irrigation Areas 32,411.67 189,367.94 303,048.99 
(b) Johanna Cecelia/Annandale 3,781.51 18,281.51 25,638.64 
West Demerara: 
(a) Vergenoegen/Bonas ika 29,462. 29 105,972. 35 111,662. 08 
(b) Den Amstel/Fellowship 880. 00 13,415. 52 12,126. 40 
(c) Vreed-en-Hoop to La Jalousie 
Western Section {Wl/2 
Ruimzeigt to La Jalousie) 2,571, 00 14,302. 03 19,179. 66 
(d) Vreed-en-Hoop to La Jalousie 
Eastern Section (Vreed-en-
Hoop to El/2 Ruimzeigt 1,897. 50 10,044. 71 14,155. 35 
(e) North Klien/Pouderoyen 537. 48 5,935. 59 8,239. 57 
(f) Canals Polder 21,703. 71 100,218. 00 94,628. 18 
(g) La Retraite 592. 66 7,213. 14 8,451. 33 
(h) Potosi/Kamuni 10,741. 24 28,545. 79 35,983. 17 
East Demerara: 
(a) Garden of Eden 1,042. 00 18,278. 28 11,420. 32 
(b) Craig 1.137. 00 7,116. 02 12,177. 27 
(c) Plaisance 505. 00 16,190. 82 24,204. 65 
(d) Beterverwagting/Triumph 1.;.487. 00 28,776. 93 31,524. 40 
(e) Buxton/Priendship 2,176. 00 41,644. 84 43,585. 28 
(f) Golden Grove/Victoria 5,052. 71 49,422. 44 59,824, 08 
(g) Ann's Grove 3,813. 00 17,155. 84 18,226. 14 
(h) Mahaica 191. 00 244. 55 1,121. 17 
(i) Helena 2,303. 00 8,220. 98 11,008. 34 
(j) Cane Grove 7,220. 00 136,149. 36 118,355. 80 
(k) Park/Abary 2,708. 00 7,419. 36 9,234. ,28 
(1) Maha icony/Abary 11,343. 00 82,528. 72 82,643. ,61 
"*Sourosi (58). 
75 
Expenditure Estimate Comparison with 1973 Estimate 
1973 1974 Increase Decrease 1975 
( $ )  (J)  {n  i l l  ( $ )  
321,356.72 
13,896.39 
114,907.89 
17,624.36 
17,241.58 
17,206.42 
10,781.78 
118,002.45 
5,853.82 
27,125.70 
370,465.24 
32,029.39 
130,223.32 
15,945.60 
24,193.11 
17,855.48 
10,642.10 
105,262.99 
8,943.24 
40,924.14 
67,416.25 
7,429.87 
18,561.24 
3,819.20 
5,013.45 
3,700.13 
2,402.53 
10,634.81 
491.91 
5,364.29 
1,039.12 
423.32 
417,462.14 
34,033.59 
134,348.04 
18,436.00 
26,275.62 
19,392.45 
11,593.44 
115,897.81 
9,387.73 
45,650.29 
12,415.09 18,224. 58 6,804. 26 - 17,047.12 
27,125.70 15,645. 12 13,711. 16 243. 31 45,650.29 
17,930.92 32,633. 10 8,430. 20 1. 75 39,955.60 
A 39 f524. 46 3 rOCO• 06 A a  O T Q  T O  
41,243.61 53,486. 08 9,900. 80 - 70,741.76 
378,381.13 69,424. 24 9,600. 16 - 89,786.66 
80,300.90 22,763. 61 5,036. 21 498. 74 24,212.55 
502.21 1,457. 33 336. 16 - 1,692.26 
10,741.77 13,702. 85 2,597. 77 3. 26 16,167.06 
153,234.50 154,219. 20 35,883. 40 - 203,604.00 
7,442=49 10,967, 40 1,736, 86 3. 74 21,934.80 
84,117.62 99,251. 25 16,607. 64 - 138,271.17 
Expenditure Estimate 
District Acreage 1972 1973 
($) {$) 
4. Corentyna; 
(a) Sisters 77.00 1,574.72 2,258.41 
(b) Lots 1-25 6,938.00 3,602.80 5,550.40 
(c) Gibraltar/Courtland 2,023.00 8,781.77 13,028.12 
(d) Pyrish 395.00 5,713.00 3,906.55 
(e) Rose Hall Town 905.83 33,990.33 32,990.33 
(f) Bloomfield/Whim 1,931.00 16,297.94 23,461.65 
(g) Lancaster/Manchester 2,160.00 10,300.56 14,644.80 
(h) Ulverston/Salton 3,300.00 8,415.93 9,700.60 
(i) Limlair/Kildonam 2,559.00 5,743.81 11,106.06 
5. Upper Corentyne; 
(a) Black Bush Polder 27,000.00 288,861.73 432,540.00 
(b) Lots 52-74 22,352.00 104,601.55 109,077.76 
(c) Manarabisi Cattle Pasture 28,472.00 15,401.12 23,082.32 
(d) Crabwood Creek 4,365.00 4,563.64 9,166.50 
TOTAL 246,034.60 1,414,295.62 1,746,952.21 
Expenditure 
1973 
($) 
Estimate 
1974 
($) 
Comparison with 1973 
Increase Decrease 
($) ($) 
Estimate 
1975 
($) 
1,397.56 2,510.97 256.50 3.94 2,783.55 
5,697.84 6,660.48 1,110.08 - 7,839.94 
6,942.80 15,172.50 2,144.38 - 16,669.52 
1,776.87 5,391.75 1,485.27 .07 6,252.85 
31,810.12 38,017.69 5,034.12 6.76 49,739.12 
22,323.79 22,940.28 3,204.16 3,725.53 20,352.74 
8,547.86 18,813.60 4,184.00 15.20 19,051.20 
4,715.89 10,140.00 533.14 93.74 11,323.00 
4,588.24 12,206.43 1,158.13 57.76 12,436.74 
343,850.14 
128,479.52 
12,654.10 
6,724.04 
487,080.00 
130,312.16 
28,472.00 
9,775.85 
54,540.00 
28,534.40 
5,389.68 
1,330.41 
7,300.00 
501.06 
1,008,180.00 
275,186.68 
33,312.24 
9,864.90 
2,093,756.50 2,075,497.54 352,482.63 13,917.30 3,023,812.04 
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regions. For example, the implementation of the Tapeikuma project 
partly elicited an increase in estimated expenditure at G$0.5 million 
in 1975 compared with G$0.4 million in 1974 for the declared drainage 
and irrigation areas in the Bssequibo district. As projects are 
implemented, the operation, maintenance and replacement of coastal 
drainage and irrigation facilities would continue to absorb a sig­
nificant portion of the Ministry of Agriculture's budget. 
A. Evolution of Drainage and Irrigation 
in Guyana 
The early settlers to Guyana in the: seventeenth century concen­
trated on the upper banks of the main rivers, Essequibo, Demerara, 
Berbice and Corentyne, because the lands were fertile and above flood 
level. Over the years settlers exploited these riverine lands which 
they abandoned by the early eighteenth century because of rapid soil 
exhaustion (5). Consequently, the demand for new lands propelled 
settlers to reclaim fertile tidal marshes below high tide. This in­
volved a system of empolderment along the coast when the Dutch 
granted freehold occupation to settlers. The pattern of development 
followed a system of piecemeal polders whicii individual proprietors 
GonstrTîçtsd to protect their lands from flooding from the sea as 
well as from the rivers and creeks (5; 9; 75; 93). Channels and 
sluices or kokers were built to provide drainage for the polders 
which extended about two to four miles inland to the "backdam" 
(earthen bank of polder furtherest away from frontage of polder). 
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Behind the "backdams" there were large areas of flooded lands which 
were used as sources of irrigation for cultivated areas, and some­
times as grazing for "amphibious" cattle. 
By 1779 the entire coastlands were practically leased out for 
reclamation, giving rise to the perpetual problem of water control. 
Private and individual efforts were no solution to the problem. Such 
efforts often accentuated the problematic situation since individual 
settlers were motivated by private rather than communal interests. 
Nevertheless, during the nineteenth century, the central government 
enacted legislation to regularize the situation because the operation 
and maintenance of an elaborate system for drainage, irrigation, and 
flood control were beyond the financial capability of individual 
proprietors (5; 9; 33; 94)= The "publicness" of water control 
necessitated government's intervention. 
In 1828 proprietors of certain estates on the Essequibo coast 
worked together on various works in the Tapakuma lake area which 
would conserve and distribute water to their lands (5). By 1874, 
the Tapakuma Ordinance gave commissioners in various parts of Guyana to 
teJce control of the works in particular areas (5; 9; 74). Other steps 
in the evolution of drainage, irrigation, and flood control included a 
Sea Defense Ordinance in 1853, sir,powering government to get proprietors 
to do polder works along prescribed guidelines. This Ordinance is still 
in force with minor amendments while the 1937 Ordinance specifically 
made sea defense a clear responsibility of government. 
Early in the twentieth century several legislative actions were 
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taken in the field of water control. In 1927 the first Drainage and 
Irrigation Ordinance was enacted which formed twenty one independent 
district drainage boards supervised by the Director of Public Works to 
maintain, repair, and replace works in their respective polders (33). 
In 1941, a new Drainage and Irrigation Board took over control from 
district boards established by the 1927 Ordinance. This Board has 
virtual control of all aspects of drainage and irrigation facilities 
in declared areas where peasant farming is the main economic activity. 
Moreover, despite the implementation of projects to improve 
drainage and irrigation facilities of the coastlands, there has been 
an alarming arrears of rates by the declared areas listed in Table 3. 
These areas fail to meet their financial obligations to the central 
Drainage and Irrigation Board (33). Table 4 gives a statement of income 
and expenditure on maintenance eind capital works for the period 1960-
1974. Despite efforts to collect rates, the arrears according to Table 
4 have progressively increased. In 1960, the arrears were G$208,355.89 
while in 1974 these were G$5,954,417.14, relfecting almost a twenty-five 
fold increase. Maintenance and operation expenditure also increased 
over the 1960-1974 period while the Board's reserves declined. These 
statistics suggest that there may be dysfunctional administrative systems 
in the operation and maintenance of drainage and irrigation areas. 
As early as 1958, Lacey in a report on water control legislation 
and drainage and irrigation rates opined that equitable rates must be 
levied on those who benefited from projects financed and constructed 
by the government and that such rates must be uniform according to the 
Table 4. Income and expenditure on drainage and irrigation, 1960-1974 (in Guyana dollars)^ 
Year 
Maintenance and 
operation 
Rates collected 
including airrears 
Rates 
outstanding Reserves 
Capital 
Expenditure 
1960 394,349.38 468,273.30 208,355.89 n.a.^ 299,651 
1961 395,912.04 385,247 13 521,402.41 n.a.^ 362,574 
1962 456,677.71 471,247.07 545,990.12 b n.a. 328,412 
1963 548,250.54 435,774.75 568,735.75 594,649.14 4,459,000 
1964 954,910.98 1,208,595., 24 545,096.35 612,448.50 2,399,000 
1965 1,057 ,,853.13 1,284,289..99 1,040,406.74 917,965.05 2,224,000 
1966 1,017,434.77 1,360,479.97 1,295,161.93 944,786.23 394,000 
1967 1,110 ,,668.29 1,041,370,18 1,892,286.37 973,129.78 349,000 
1968 1,062 ,,932.02 1,144,318.54 2,359,343.42 1,004,756.37 237,000 
1969 1,149„219.28 1,183,273.97 2,861,343.38 889,047.75 413,000 
1970 1,426,349.73 1,109,171.78 3,532,192.88 889,047.75 938,500 
1971 1,449,700.91 1,182,579.35 4,235,514.21 770,164.32 18,000 
1972 1,538,483.54 1,541,555.16 4,933,720.21 478,863.30 1,062,000 
1973 2,272,348.08^ 1,693,782.85 5,594,221.00^ 128,863.30 3,681,000^ 
1974 2,108,742.12 1,459,872.09 5,954,417.14 , b n.a. 3,023,812^ 
^Soiarce: ( 3 3 ,  p. 12). 
^Nob available. 
^Estimated. 
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crop throughout the country (40). Lacey concluded that if the schedule 
of rates did not improve the Drainage and Irrigation Board would be­
come insolvent. 
Comprehensive planning for drainage, irrigation and flood control 
has now become the modus operandi for water control in Guyana. The 
major projects, Tapakuma, Black Bush, Mahaica-Mahaicony-Abary, and 
Canje, existing and planned, typify such a comprehensive approach. 
These projects are discussed more fully in the next section. 
B. Nature and Location of Major Drainage 
and Irrigation Projects 
The Tapakuma and Black Bush projects or schemes were implemented 
in the early I960's and plans have now been made to rehabilitate, im­
prove, and extend them (26; 28). Construction work has already begun 
on the first of three stages (stage 1) of the Mahaica-Mahaicony-
Abary project whereas initial work on the Canje scheme is scheduled for 
1977. 
The four projects have a combined total area of 944,200 acres 
or 25.0 percent of the coastal region of 3,839,100 acres or 1.8 percent 
of the entire country of about 53,120,000 acres (5; 58; 75). These 
projects not only reflect a comprehensive approach to the nation's water 
problem but also form an integral part of agrarian reform- Idle lands 
will now be brought under beneficial occupation by peasants who were 
once landless. Given the necessary infrastructural facilities and 
social amenities, settlers in project areas will hopefully make a valuable 
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contribution to agricultural development and national economic develop­
ment. 
The main features of each project are given below on the basis of 
the aforementioned feasibility studies. 
1. Tapakuma 
The project area is located along the coastal plain in the 
northwestern part of Guyana, in an area known locally as the Essequibo 
coast. The proposed project will comprise 57,000 gross acres which 
include the acreage for excavation, drainage and irrigation systems and 
human settlements or 41,750 net acres which do not include the acreage 
for excavation, and drainage and irrigation systems (26). The 
existing Tapakuma Irrigation Scheme, with a gross area of 35,000 acres 
and a net area of 23,700 acres, will be expanded to include another 
22,000 acres in the Somerset-Berks, Johanna Cecelia and Supenanm areas. 
Map 1 depicts project in its general location. 
The climate in Tapakuma is tropical with temperatures ranging from 
70°F to 90°F and the average rainfall is 90 inches per annum. Most of 
the soils here are clays and silty clays with internal drainage ranging 
from well-drained to poorly-drained. They are conducive to paddy pro­
duction . The pegasse soils which are soft, spongy and acidic can produce, 
with proper management, good yields of coffee, plantains and vegetables. 
The physical dimension involves four types of activities as 
follows (27, pp. 20-25): 
âii ##011»# 
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Map 1. Tapakiama project area 
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a. Within the Tapakuma area The modifications include 1) 
rehabilitation of existing irrigation canals and related control 
structures which serve about 27,700 acres; 2) rehabilitation of existing 
drainage structures and canals which serve about 27,700 acres and 
installation of drainage outlets for individual fcirms; 3) construc­
tion of interceptor and facade drains and enlargement of existing facade 
drains; and 4) installation of u new pump at Dawa pumping station. The 
modifications also involve construction of additional irrigation canals 
and related control structures that will be required by the rehabili­
tation activities. The construction of three drainage pumping stations, 
two sea sluices, 40 miles of all-weather access roads, checks, drop 
structures, individual farm outlets, and related structures are an 
integral part of the modified system. 
b. Within the Somerset and Berks extension area The new 
system requires 1) construction of an irrigation canal system to 
serve about 5,500 acres and a drainage canal system to serve eibout 
8,000 acres; 2) construction of about 7 miles of all-weather access 
roads and related structures; and 3) construction of a flood protection 
dike along the Pomeroon river. The plan also includes a drainage 
pumping station, a system of secondary drains, irrigation inlets, regu­
lators, tail gates, checks, bridges, and culverts. 
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c. Within the Johanna Cecelia extension area The engineering 
activities entail 1) improvement and extension of the existing con­
servancy dam and reservoir; 2) rehabilitation of two reservoir relief 
sluices; and 3) reconstruction of the main canal, including connec­
tion thereof to the main canal in the Tapakuma Scheme Area, and 
construction of two head regulators. The construction of a secondary 
irrigation and drainage canal system to serve about 2,640 acres and 
enlargement and extension of the facade drain eire the other features 
of the physical dimension. 
d. Within the Supenaam extension area The physical dimension 
includes 1) construction of two irrigation pumping stations, one 
each on the Supenaam river and the Ituribisi river; 2) construction 
of a main canal, a control regulator and a secondary irrigation canal 
system, rehabilitation and extension of the facade drain to serve about 
5-950 acres, and construction of a flood protection dike along the 
Supenaam river. The other works involve construction of two sea sluices 
at Hibernia and Spring Garden, repairs of the existing sluice at 
Middlesex, and construction of about 10 miles of all-weather access 
roads and related structures. 
Estimated costs of these improvements require an investment of 
US$13.5 million or G$27.0 million, with a foreign exchange component 
of US$8,7 million, including contingencies and interest during construc­
tion. These costs were determined by Harza Engineering firm on the 
basis of 1974 prices (26; 27). For the purposes of this study, one 
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United States dollar is equivalent to two Guyana dollars. The foreign 
exchange component represents the amount of the loan or 64.0 percent 
of the total estimated costs for the project. The estimated costs have 
been escalated to represent costs during the construction period and 
the completion year is 1979. 
Total construction costs, exclusive of interest charges, are 
G$9.9 million of which local and foreign currency are G$5.1 million 
and G$4.8 million respectively. Civil works cost G$7.6 million while 
on-farm development costs account for G$2.3 million (26). On a per 
acre basis, these costs are G$205 and G$60 respectively, giving a total 
of G$265. Annual operation and maintenance cost is estimated at 
G$777,100. Table 5 gives a summary of project construction and operation 
costs. It is significant to note that about 70.0 pecent of the invest­
ment is on drainage and irrigation systems. 
The Ministry of Agriculture is responsible for implementing both 
the construction and agricultural development of the project when a 
loan approval has been obtained from international lending agencies. 
It also requires legislation on uneconomic farm units, tenure arrange­
ments, and provision of basic social amenities for the population of 
30,000 comprising 5,000 families who depend primarily on agriculture 
for their livelihood. 
2. Black Bush 
The project area is located along the coastal plain in the north­
eastern part of Guyana, in an area known locally as the Corentyne 
Table 5. Summary of construction and operation costs for Tapakuma project (in Guyana dollars)^ 
Construction item Local Foreign Total 
currency currency 
Irrigation SysteJai Rehabilitation 
Tapakuma 556,249 358,231 914,480 
Johanna Cecelia 114,940 95,380 210,320 
Irrigation System Extension 
Clarity 351,761 383,474 735,235 
Drainage System Rehabilitation 
Tapakuma 459,320 512,400 971,720 
Johanna Cecelia 339,300 248,670 588,600 
Drainage System Extension 
Charity 941,870 999,600 1,941,470 
SUBTOTA}[. 2,764,070 2,597,755 5,361.825 
Contingencies 414,330 389,445 803,775 
Engineering and Owners Overhead 493,500 738,700 1,232,200 
TOTAL 3,671,900 3,725,900 7,397,600 
Maintenance machinery 25,300 274,200 299,500 
On-farm development costs 1,426,500 833,500 2,260,000 
TOTAL COSTS 5,123,700 4,833,600 9,957,000 
Annual operation and 
maintenance costs 777,100 
^Source; (26„ p. 10). 
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coast. The proposed project will comprise 82,800 gross acres or 70,600 
net acres (20). The existing Black Bush Polder Scheme, with a gross 
area of 31,300 acres and a net area of 26,500 acres will be e:ganded 
to include another 51,500 acres in the Backlands and Manarabisi areas. 
Map 2 shows project location. For the purposes of this study, the 
Backlands and Manarabisi areas are termed Extension Areas. 
The climate in Black Bush is tropical with an average temperature 
of 80°F and an average rainfall of 80 inches per annum. The soils 
are predominantly clays and silty clays suitable for a rice culture. 
With adequate drainage, irrigation and management practices they are 
also suitable for a wide range of field crops, vegetables and fruits. 
The physical dimension embraces two subareas as follows (28). 
a. Within the Black Bush Polder scheme The modifications 
include 1) rehabilitation of existing irrigation and drainage canals 
and related structures which serve about 42,000 acres especially in 
Lesbeholden euid Mibikuri; 2) installation of drainage outlets for 
individual farms; and 3) construction of interceptor and facade 
drains and enlargement of existing facade drains. Also, a complete 
system of secondary drains emd irrigation canals together with re­
lated structures such as checks, culverts, siphons, and bridges is 
planned. 
b. Within the extension areas The engineeriny activities 
involve 1) rehabilitation of canals for both irrigation and drainage 
to serve about 45,000 acres; 2) construction of elevated dikes and 
LEGEND 
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Map 2. Black Bush project area 
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roadway embankments, adjacent to canals from excavated materials; and 
3) construction of related structures and all-weather roads on many 
of the dikes. The construction of two pumping stations at Canje and 
Torani and the construction of regulators, tail gates, checks, irri­
gation inlets, and drainage outlets for individual farms are part 
of the physical design. 
Inclusive in the engineering works are improvements designed to 
increase the head of water available to the high lands of 1,750 
acres in Black Bush Polder which can be fully utilized. The 'ks 
will also involve a modicum of jungle colonization of r he ni-'-ck 
Bush Backlands and Manarabisi Cattle Pasture. 
According to the Harza Engineering Report, the economic dimension 
requires an investment of US$27.5 million or G$55.0 million including 
contingencies and overheads during construction (28). This will 
necessitate a loan agreement. The estimates, based on 1974 prices, 
have been escalated to represent costs during the construction period, 
and the completion year is 1981. 
Total construction costs, exclusive of interest charges, are 
G$55.0 million of which local and foreign currency are G$25.0 million 
and G$30.0 million respectively. The foreign exchange component repre­
sents 55 = 0 pereerit of the total estimated costs. Engineering works 
cost G$38.7 million while on-farm development costs account for 
GÇ16.3 million (28). These costs are respectively G$529 and G$251 
per acre or a combined total of G$780. Annual operation and maintenance 
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cost is estimated at G$l,777,300. 
Table 6 gives a summary of project construction and operation 
costs. It is evident that a substantial proportion or 69.0 percent of 
the estimated costs is on drainage and irrigation systems. 
The Ministry of Agriculture is responsible for implementing both 
the construction and agricultural development of the project. A loan 
approval from international lending agencies is necessary. Administra­
tive machinery is also necessary for the creation and operation of 
farm units in about 28,000 net acres of new paddy land that will 
be available in the Black Bush Backlands and the Manarabisi cattle 
Pasture. Decision, regarding the distribution of 10,500 acres allo­
cated to sugar cane, on a cooperative or estate venture, will have to 
be made. 
Approximately 9,000 people reside within Black Bush Polder which 
consists of Lesbeholden, Mibikuri, Joanna, and Yakusari settlements 
while less than 100 people reside in the Extension Areas (28). These 
inhabitants and their counterparts of 22,500 in the Frontlands are 
directly dependent on fanning and ancillary activities for their 
livelihood. So, the provision of adequate fac/ 'ities to them is 
crucial to the development, vitality and stability of the region. 
3. Mahaica-Mahaiconv-Abary (Stage 1) 
The project lands indicated on Map 3 are on the northeastern part 
of Guyana between the Abary and Berbice rivers while the proposed area 
stretches from the right bank of the Mahaicony river to the left bank 
Table 6. Siunmciry of construction and operation costs for Black Bush project (in Guyana dollars)' 
Const]cuc:tion item Local 
currency 
Foreign 
currency 
Total 
Black Bush Polder 
Irrigation system 
Drainage system 
Extension Areas 
Irrigation sj'stem 
Drainage system 
Ccuije pump station 
Toran;l pump station 
SUBTOTAL 
973,897 
407,800 
2,086,519 
5,544,270 
973,570 
279,010 
10,265,066 
1,303,031 
914,180 
3,145,356 
8,110,000 
2,586,361 
1,033,890 
17,092,818 
2,276,928 
1,321,980 
5,231,875 
13,655,270 
3,559,931 
1,312,900 
27,357,884 
Contingencies 1,539,934 
Engineering and owners overhead 2,515,000 
TOTAL 14,320,000 
Maintenance machinery 214,000 
On-fcLcm development costs 10,560,000 
TOTAL COSTS 25,094,000 
Annual operation and 
maintenance costs 
2,563,182 
3,778,000 
23,434,000 
740,000 
5,800,000 
29,974,000 
4,103,116 
6,293,000 
37,754,000 
954,000 
16,360,000 
55,068,000 
1,777,300 
'^Source: (23, p. 10). 
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of the Berbice river, a gross acreage of approximately 323,000 acres (5, 
p. 34). The command area which is susceptible to gravity drainage is 
the area controlled by theriver or rivers in question. The catch­
ment of. the upper reaches of the Abary covers approximately 312 
square miles and the recommended land utilization in project area 
which is subject to change has a gross ëind net acreage of 287,400 
and 244,300 acres, respectively. 
Stage 1 represents one of three stages of the entire Mahaica-
Mahaicony-Abary (MMA) project with a command area of 600,000 acres 
and a cultivable area of 340,000 acres (5, p. 14). This stage con­
cerns primarily the control of the Abary. Stage 2 deals with the 
control of the Mahaicony and covers the area between the Mahaica and 
Mahaicony rivers, giving a total catchment area of 402 square miles. 
This, together with Stage 1, gives a total catchment area of 714 
square miles of which 215 square miles will be submerged at 65.0 feet 
Georgetown Datum (5). Likewise, Stage 3 focuses on the central cf ths 
Mahaica for flood routing purposes. It has a catchment of 192 
square miles. 
Project analysis in this study follows designs and proposals of 
the original report under the title "The Mahaica-Mahaicony-Abary Water 
Control Project, Stage 1 - the Control of the Abary" Submitted in 1961. 
It involves physical and economic data adjustments and incorporates, at 
the request of senior officers in the Hydraulics Division of the 
Ministry of Agriculture, the cost of a 50,000=ton sugar factory. This 
Division has also been making several modifications to the original 
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MMA report (32). 
The project area is typical of Guyana's coastal climate with high 
rainfall and temperature. It has an average rainfall of 80.3 inches 
per annum and a mean temperature of between 72°F and 89°F. The 
soils, too, are clays with relative high fertility and are well to 
moderately suited for agricultural uses. 
The improvements entail works designed for flood control, storage 
and drainage and irrigation (5). These works are: (a) headworks, 
(b) drainage system, and (c) irrigation system. 
a. Headworks; 
These require construction of earthen dams in the upper reaches 
of the Abary and Mahaicony rivers for the purpose of flood control, 
storage and irrigation reservoir. The construction of a 9000-foot 
relief weir, control sluices, stop-offs and main canal head regu­
lators is an essential element of the proposed headworks. 
b. Drainage system; 
This involves 1) construction of sluices and collector drains; 
2) construction of a facade drain from Abary to Rosignol; and 3) 
construction of a three-dam sluice at Zeelust. The installation of 
drainage pumps and the construction of subsidiary drains and related 
structures along with main canal bridges complete the proposed drainage 
system. 
The civil works include construction of main canals and distrib­
utaries and intermediate regulators. Such works also include the 
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construction of canal tail regulators and distributary head-and-tail 
regulators. 
Moreover, it is assumed that government, instead of individual 
proprietors, would be responsible for subsidiary works. 
The economic dimension demands an amount of expenditure in the 
vicinity of US$140.0 million or G$280.0 million which will defi­
nitely need foreign financing. The estimates based on 1974 
prices have been prepared with the assistance of Project's Resident 
Engineer. These are presented in Tables 7 sind 8. 
Construction of project commenced in 1974 and its expected comple­
tion with sugar factory is for the year 1986. 
According to the author's estimates total construction costs, 
including contingencies, are G$206.0 million while on-farm develop­
ment costs are G$74.0 million. On a per acre" basis, these costs are 
G$842 and G$304 respectively or a combined total of G$1146. Annual 
operation and maintenance costs G$16,797,135. 
The institutional dimension forms the basis for legislative 
action in regard to the implementation, coordination and administration 
of the project. Political feasibility, that is, the capability to 
successfully negotiate a loan from friendly countries, determines 
the source of foreign financing and the ultimate composition of the 
physical; economic and institutional aspects of thf project (36)-
Approximately 6,000 farm families reside in the Stage 1 area and the 
successful absorption of other Guyanese who will be given lands there 
is vital to the total development of the scheme. 
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Table 7. Estimated cost of headworks for Stage I of the Mahaica -
Mahaicony-Rbary project (in Guyana dollars)^ 
Items Total 
Preliminary 
9000-foot relief weir 
Abary control sluice 
Mahaicony control sluice 
Abary stop -off 
Mahaicony stop-off 
Right bank main canal head regulator 
Left bank main canal head regulator 
Reservoir dam 
Dead regulator to minor canal no. 2 
Miscellaneous 
SUBTOTAL 
Drainage System 
Collector drains (earthworks) 
Sluices (structures) 
Facade drain 
Pumps 
Three dam sluice at Zeelust (completed) 
Subsidiary drains 
Heavy duty bridges over subsidiary chains 
Cattle foot bridges over subsidiary drains 
1 (4-span), 135 (5-span) 
Bridges over subsidiary drains 
Main canal bridge 
SUBTOTAL 
8,500,000 
2,840,348 
2,840,348 
637,147 
637,147 
787,536 
713,993 
6,889,552 
208,136 
3,977,043 
28,031,250 
8,747,394 
12,863,291 
1,584,000 
1,340,000 
230,000 
1,309,849 
1,059,879 
59,370 
1,584,000 
2,427,745 
31,205,528 
Irrigation System 
Main canals 
Distributaries 
Intermediate regulators 
Distributary lead regulators 
Distributary tail regulators 
Canal tail regulators 
Watercourses 
SUBTOTAL 
2,374,016 
1,412,269 
3,369,839 
2,135,583 
1,480,806 
299,627 
464,047 
11,466,187 
•n I 
20% contingencies 14,140,593 
84^,843,558 
^Source; Computed. 
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Table 8. Estimated capital cost of Stage I of the Mahaica-Mahaicony-
Abary proiect (in Guyana dollars)^ 
Item Total 
Headworks 84,843,558 
Subsidiary works including internal works to 
demonstration plot of 200 acres^ 74,203,685 
Compensation^ 4,205,000 
SUBTOTAL 163,252,243 
Sugar Factory 
50,000-ton capacity at G$2 million per 1000 tons 100,000,000 
15% contingencies 15,200,000 
Staff facilities (houses, water and electrical 
supplies, etc.) 1,500,000 
TOTAL 279,952,243 
Annual operation, maintenance and routine 
replacement i.e. 279,952,243 x 0.06 16,797,135 
^Source: Computed. 
^Gross acreage of 214,503 at $250 per acre gives $53,625,750. 
êÂCj.uûë& aCrèayê unCiêï. iiaL.ui.ctx pctauu-Lc \6vfxvv/ auu uiiv/oc mxtcwuj 
with subsidiary works (20,000). It also makes allowance for the new 
dam alignment and weir, Berbice river (32,797) and includes 20% 
contingencies and 15% supervision. 
^21,025 acres at $200 per acre give $4,205,000. 
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4. Canje 
The project lands located in the easternmost part of Guyana lie 
astride the Canje river in the region between the Berbic and Corentyne 
rivers. Initially, they cover an area of 640,000 acres in the lower 
and middle reaches of the Canje river extending 50 miles inland from 
the coastline. A United Nations soil survey and project's topographical 
surveys, however, reveal that much of the land between the Canje and 
Berbice rivers is unsuitable for development because of large areas of 
toxic pegasse soils and because of difficulties of draining the 
Potoco swamp (106, p. 51; 107). 
The revised project area as shown in Map 4 covers approximately 
517,000 acres between the right bank areas of the Canje and across 
to the Corentyne including land which has been developed or in the 
process of development. The net cultivable area is 406,800 acres 
(105). 
The proposed project has three stages. Stage I and II emphasize 
pumped irrigation and drainage for an area of 375,000 acres using the 
waters of the Canje river while Stage III advocates pumped irrigation 
for an area of 142,000 acres using the waters of the Corentyne river 
subject to the approval of the Surinam government (105), The 
topography of the area does not support gravity drainage and irrigation 
and to maOte full utilization of the fertile lands in the Stage III 
area, it is necessary to abstract waters from the Corentyne river. 
The climate within project area is humid tropical with a mean 
annual rainfall of 90 inches. Temperatures vary between 80®P and 83°P 
SURVEY OF THE CANJE RESERVOIR SCHEME 
GUYANA 
VHITI* tMCUW PUNP MOJICT 
Map 4. Can je project area 
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though diurnal variations range between 10°F to 15°F. The soils, too, 
are fine textured silty clays which are good to moderate for agri­
cultural uses. Such uses, however, will elicit costly irrigation 
and drainage facilities. 
The physical dimension encompasses three subareas (105, pp. 
39-134). Its main features are; 
a. Stage 1 Canje Right and Left Bank Areas, 325,000 Acres; 
This stage involves 1) construction of the Canje high dam, 1260 
X 30 X 40 feet for irrigation, river regulation and flood control; 
2) construction of a reservoir, 25 x 1 1/4 miles with a storage 
capacity of 350,000 acre-feet and a catchment area of 491 square miles; 
and 3) construction of related structures to the Canje high dam and 
reservoir. Jungle colonization is an essential aspect of the technical 
dimension in order to facilitate the construction of canals< drains, 
bridges, and main access roads. 
b. Stage II Ikuruwa Conservancy Scheme, 50,000 Acres: 
The civil works include 1) construction of a main gravity canal 
from the Canje high dam and reservoir; 2) construction of a con­
servancy with a storage capacity of 75,000 acre-feet in the middle 
reaches of the Ikuruwa and Mibirikuri rivers to supplement the Canje 
high dam supplies; and 3) construction of a 20-mile earthen embank­
ment. other works include the construction of water control and , , 
distribution structures and the cleauring of jungle for ancillary 
works such as canals, drains, checks, siphons, and bridges. 
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c. Stage III Corentyne Pumping Scheme, 142,000 Acres; 
The physical dimension entails construction of works designed for 
pumped drainage due to area topography and construction of an irriga­
tion pumping station. There is also a modicum of bush clearing and 
stumping for canals, drains, and related structures. 
According to the author's estimates, the economic dimension re­
quires expenditure in the vicinity of US$291.0 million or G$582.0 
million including contingencies, engineering and other overheads during 
construction. The estimates based on 1974 prices have been escalated 
to represent costs during the construction period. Further escala­
tion may be necessary because of spiralling costs of construction items 
both in the domestic and foreign markets. Project is scheduled for 
initial construction in 1977 and its completion year is 2002. 
Table 9 provides the total estimates of capital cost in broad 
categories. The author estimated total construction costs as G$317.0 
million while on-farm development costs as G$265.0 million. These 
costs for the combined Stages I and II are respectively G$721 and G$446 
per acre, giving a total of G$il67. Similarly, for Stage III they are 
G$567 and G$876 or a combined total of G$1443. Annual operation and 
maintenance is estimated at G$6,438,630. 
The institutional dimension, mainly the legal emd political, 
provides the frasiework for the early implementation of ths project 
which is desirable on human, social and economic grounds for the future 
development of Guyana (106). The project can accommodate a significant 
number of landless and unemployed amd underemployed people. About 
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Tctble 9. Estimated capital cost of Canje project (in Guyana dollars)' 
Items Total 
Stage I Canje Right and Left Bank Areas, 
325,000 Acres; 
Irrigation pumping station 
Drainage pumping station 
Irrigation works 
Drainage works 
Clearing of reserves for canals and drains 
Roads and bridges 
Compensation and land acquisition 
General (access, offices, housing, streets, 
workshops, etc.) 
Engineering, legal and administrative 
SUBTOTAL 
15,120,000 
24,150,000 
30,690,000 
38,750,000 
8,520,000 
8,970,000 
2,250,000 
5,520,000 
18,390,000 
152,360,000 
Stage II Ikuruwa Conservancy Scheme, 
50,000 Acres; 
Irrigation works 
Drainage works 
Clearing of forests for canals and drains 
Roads and bridges 
General (access, offices, housing, stores, 
workshops, ate.) 
Engineering, legal and administrative 
SUBTOTAL 
25,200,000 
15,680,000 
4,760,000 
4,950,000 
2,340,000 
7,930,000 
60,860,000 
Stage III Corentyne lumping Scheme, 
142,000 Acres; 
Irrigation pumping station 
Irrigation works 
Drainage works 
Clearing of reserves for canals and drains 
Roads and bridges 
General (access, offices, housing, stores, 
workshops, etc.) 
Engineering, legal and administrative 
4,680,000 
16,300,000 
18,310,000 
3,950,000 
7,560,000 
2,530,000 
9,100,000 
OUOXWlMii 62 ,440,000 
^Source; Computed. 
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Table 9 (Continued) 
Items Total 
TOTAL 275,660,000 
15% contingencies 41,349,000 
GRAND TOTAL 317,009,000 
On-farm Development; 
Stages I and II 130,435,510 
Stage III 99,882,000 
SUBTOTAL 230,317,510 
15% contingencies 34,547,627 
TOTAL 264,865,137 
Construction costs 317,009,000 
GRAND TOTAL 581,874,137 
Annual operation and maintenance 6,438,630 
15,000 families or a population of 90,000 people can settle in the 
project area, as an essential component of land reform. This de­
pends on the availability of international financing at low interest 
rates. 
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C. Constraints on Economic Use of land 
in Existing Project Areas 
Several constraints inhibit the economic use of land in existing 
project areas, but the prime ones are inadequate drainage and irriga­
tion and dysfunctional administrative systems. 
1. Inadequate drainage and irrigation 
The economic use of coastal land resources depends largely on 
adequate drainage and irrigation. Most farming areas, with the 
exception of sugar estates, do not have adequate drainage and irriga­
tion systems. These systems are not production-oriented and are only 
accidentally related to the needs of land use in any particular area 
of activity (69, p. 59). Furthermore, they do not function consistent­
ly with given regional or sectoral targets as opposed to the economic 
objectives of feeding, clothing and housing the Guyanese nation. 
Frequent floods in the Corentyne, Canje, Western Berbice, Mahaica-
WânclJ.ct>uy—ACdïy aiiû aïeêa Cieauiuy vëyci-ajjj.c» ama 
crops and also new crops of calves. Such floods restrict successful 
farming and cattle rearing in thousands of acres of unoccupied land. 
Inevitably, farmers experience heavy financial losses. The absence of 
a crop insurance scheme in Guyana aggravates farmers' economic diffi­
culties since they have to meet family and contractual obligations. 
Persistent crop losses due to inadequate drainage and irrigation tend 
to make farming an uneconomic proposition which can have far-reaching 
consequences on land use and on the economy of Guyana. 
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The most important crops grown in Guyana are sugar, rice, and 
coconuts. These occupy around 189,500 acres, 231, 719 acres and 
45,425 acres respectively (69, p. 35). Thus, crop acreage represents 
less than 1.0 percent of the country's land area of about 53,100,000 
acres. The remaining acreage comprises forests, waterways, and 
savannas. However, with proper drainage and irrigation systems, 
additional land can be brought under beneficial utilization. Timely 
clearing of silted drainage trenches in some areas, for instance, would 
permit utilization of thousands of acres of land. 
Poor land leveling, flood irrigation from field to field, water 
stealing, related tenure problems, and vandalism of control structures 
also contribute to low water-use efficiencies. Hence, there is no in­
centive for the farmer to conserve water in an apparently water-
surplus country. Guyana's agricultural and economic development un­
doubtedly depends on reliable sources of water. Adequate drainage 
and irrigation is indispensable to such development. 
2. Dysfunctional administrative systems 
Several public agencies operating in rural areas where about 65.0 
percent of the population reside do not seem to function as an organic 
unit (69; 70). These agencies of the Ministry of Agriculture, Guyana 
Rice Corporation, Ministry of Works, Hydraulics and Supply, Ministry 
of Local Government, Ministry of Education and other bodies apparently 
do not coordinate efforts that will ensure maximum utilization of 
land vis-à-vis the attainment of national economic goals (70, p. 63). 
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Agricultural production suffers when different agencies do not 
respond promptly to farmers' problems. For exanple, undue delay to 
allocate loans, seed paddy, fertilizer, bags and machinery often 
frustrate farmers. The lack of adequate social facilities and ex­
tension services, too, increases the hazards of public health as well 
as the economic life of farming communities. In some areas, farmers 
abandon the land; absentee ownership is significant in many coastal 
villages which are within the domain of existing projects. 
The next chapter expands on the economic dimension of each 
major project by incorporating certain investment criteria promul­
gated in Chapter III. 
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V. APPLICATION OP INVESTMENT CRITERIA TO SELECTED 
DRAINAGE AND IRRIGATION PROJECTS IN GUYANA 
This chapter attempts an application of the investment criteria, 
developed in Chapter III, to selected drainage and irrigation projects 
in Guyana in order to analyze their impacts on agricultural and 
economic development. Data availability on essential elements of in­
vestment criteria for project evaluation and selection becomes crucial 
to this application. In some cases, the data are crude and subjective 
because of a dearth of empirical investigation. Nevertheless, the 
available data serve a useful purpose in evaluation of tlie Tapakuma, 
Black Bush, Mahaica-Mahaicony-Abary and Canje projects. A comparative 
evaluation of the investment choice criteria provides for the selection 
of project priorities which may be useful to Guyanese planning agencies. 
On the basis of the feasibility studies conducted by consulting 
firms, the economic dimension of each major project considers the 
necessary data adjustment for under- or over-evaluation. For 
example, the feasibility studies for the Mahaica-Mahaicony-Abary and 
canje projects were undertaken over a decade ago, and prices of con­
struction items and other needed inputs for project developments at 
that time were relatively lower than those in 1974 (5). The oil crisis 
and world economic recession coupled with inflationary pressures and 
serious balance-of-payments deficits contributed to the price in­
creases (66). consequently, the values of project stream of benefits 
and costs, using 1974 as base year, changed considerably from their 
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previous values. 
A. Project Feasibility Studies 
The feasibility studies of the major drainage and irrigation 
projects reflect an interdisciplinary approach in that engineers, 
economists, hydrologists, agronomists and soil scientists have 
mutually prepared them. The engineers and economists, in particular, 
have worked together on project designs for the corresponding agri­
cultural and economic development of project areas. 
With the exception of the Mahaica-Mahaicony-Abary report which 
was prepared by P. J. Drury in consultation with officials in the 
Drainage and Irrigation Department of Guyana, the other projects' 
feasibility studies were conducted by overseas engineering firms 
(26; 28; 105). These firms were ably assisted by local administrative 
and technical staff of the Hydraulics Division. The Harza Engineering 
firm worked on the Tapakuma and Black Bush rehabilitation and extension 
projects in association with a local engineering company, Aubrey Barker 
Associates. The Canje project report was developed by the firm of Sir 
K. Macdonald and Partners, Consulting Engineers, for the Food and 
Agriculture Organization of the United Nations following contract 
approval. It is instructive at this point to review and examine the 
methodology and criteria used in developing the Tapakuma, Black Bush, 
Mahaica-Mahaicony-Abary and Canje projects by the consulting firms. 
For the Tapakuma project,- detailed estimates of the quantities 
of work for each item were prepared from preliminary plans, sketches 
Ill 
and specifications of the various project features described in Chapter 
IV. Estimated costs of project features, based on 1974 prices, amount 
to US$13.5 million or G$27.0 million with a foreign exchange component 
of US$8.7 million (26). These costs include contingencies, engi­
neering overheads and interest during construction. Annual operation 
and maintenance costs are G$0.8 million. Basic cost data used in the 
estimates were collected in Guyana. Government agencies were contacted 
and costs for projects presently under construction in Guyana were 
obtained. Prices of materials locally available were estimated from 
representative prices prevailing in Georgetown while items not commonly 
available in Guyana were estimated from United States data (26). 
In estimating project benefits, particularly farm income, Harza 
used a crop-budget method of analysis (26). Total crop income, "with" 
and "without" the project, has been estimated by multiplying the antic­
ipated income per acre by the projected acreage in traditional and 
improved rice varieties aind homestead crops. With project, it is 
expected that 75.0 percent of the rice acreage would be devoted to im­
proved varieties because of improvements in drainage and irrigation 
systems and removal of constraints against acceptance of improved 
rice varieties and farm technology (26, p. 33). The remaining rice 
land would be in traditional varieties. Production is estimated at 
68,000 tons of rice annually (26, p. 44). Without project, it is 
assumed that 60.0 percent of the rice acreage would be in traditional 
varieties, because of water control problems and higher input require­
ments which would deter farmers from changing to improved rice 
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varieties (26, p. 42). Annual production is estimated at 46,000 
tons of rice (26, p. 45). Thus, the change with project is about 22,000 
tons of rice annually which represent 15.0 percent over projected 
yields without project (26, p. 41). There would be an increase of 
benefits of about G$2.8 million annually. The projected cash flow of 
benefits and costs over the 50-year project life has been discounted 
to the beginning of time of construction at interest rates of 9.0, 
12.0 and 15.0 percent respectively. At these rates, the benefit-cost 
ratios are 1.70, 1.34 and 1.08 respectively while the internal rate of 
return is 15.95 (26). 
In developing the Black Bush project, Harza Engineering Company 
adopted the same methodology and criteria it used for the Tapakuma 
project (28). Detailed estimates of the quantities of work for each 
item were prepared from preliminary plans, sketches and specifications 
of the various project features described in Chapter IV. Estimated 
costs of project features, based on 1974 prices, amount to US$27.5 
million or G$55.0 million with a foreign exchange component of G$30.0 
million (28). These include contingencies and engineering overheads 
during construction. Annual operation and maintenance costs are G$1.8 
million. Since sources of funds were not known at the time of study, 
interest costs were omitted from the estimates. Escalation of project 
costs can be expected sines delay in project inç>lementation can be 
costly given the spiralling costs of construction items and drainage 
and irrigation pumps (28). 
Prom the crop-budget method of analysis, total crop income, "with" 
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and "without" the project, has been estimated by multiplying the anti­
cipated income per acre by the projected acreage in traditional and im­
proved rice varieties, sugar cane, pasture, and homestead crops (28, 
p. 5). Based on similar assumptions, as in Tapakuma with regard to the 
proportion of rice acreage into traditional and improved varieties, it 
is expected with project the annual increase in income is G$12.7 
million (28). There would be an increase in rice production of about 
60,000 tons which represent 20.0 percent over projected yields without 
project (28, pp. 17-28) . There would also be an increase in sugar 
production of about 35,000 tons which represent 14.0 percent over 
projected yields. Without project the annual increase in income is 
G$3.7 million so that the net increase in income is G$9.0 million 
annually (28). The projected cash flow of benefits and costs over the 
50-year project life has been discounted to the beginning of time of 
construction at interest rates of 9.0, 12,0 and 15.0 percent respective­
ly. At these rates, the benefit-cost ratios are 1.55, 1.13 and 0.86 
respectively while the internal rate of return is 13.44 (28). 
The methodology and criteria used by Harza Engineering firm in 
developing the Tapakuma and Black Bush projects are appropriate given 
the dearth of empirical investigation in Guyana. Estimation of proj­
ect costs and benefits from detailed engineering plans and crop-
budget analyses is an acceptable approach to project evaluation. 
Nevertheless, there is an inherent tendency in project feasibility 
studies to shov? favorable bencfit-ccst ratios and internal rates of 
return which may justify the consulting firm's efforts. Further, the 
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engineering and agronomie problems tend to dominate project studies 
with relatively little attention paid to the economic problem. The 
determination of project size consonant with national objectives such 
as increased aggregate consumption, equitable income distribution, 
employment creation, and improved balance of payments may be preferred 
to the existential situation of project emphasis on the engineering and 
agronomic problems. Project effects measured through the capital turn­
over, value added and balance-of-payments ratios and the ranking of 
projects and their sensitivity to changes in wage, foreign exchange 
and interest rates are essential elements in the refinement of 
Harza's methodology and criteria. The author incorporated these 
elements in the evaluation of Tapakuma and Black Bush projects. The 
analysis uses the social marginal productivity of investment, a sensi­
tivity analysis and a macroeconomic formulation not only to expand the 
economic dimension but also to fill, at the same time, the economic 
"gap" in the Harza studies. The results of these additional invest­
ment criteria are presented later in the chapter. 
The consultant for the Mahaica-Mahaicony-Abary project prepared 
detailed designs and estimates from preliminary topographical and hydro-
logical surveys and from specifications of the various project features 
(Stage 1). The estimates, based on 1960 prices, were US$23.5 million or 
G$39 = 3 TT'llIion-"'' The estissatas were derived either from recent tender 
^At that time the exchange rate was US$1 = G$1.70. 
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rates projected by 5.0 percent compound interest to 1960 values or 
from first-hand experience of local production and labor rates, and 
material prices (5, p. 51). Annual operation and maintenance costs 
were G$2.8 million. The estimated costs did not include subsidiary and 
internal works because it was assumed that farmers would execute such 
works according to the Drainage and Irrigation Department's guidelines 
(5, p. 33). 
In estimating project benefits, particularly farm income, the 
consultant used a crop-budget method of analysis (5). Total crop 
income, "with" and "without" the project, has been estimated by multi­
plying the anticipated income per acre by the projected acreage in 
traditional rice varieties, sugar cane, cacao, coconut, pasture and 
intensive dairying. The 1960 study had a benefit-cost ratio of 1.90 
(5). The study lacked an in-depth economic analysis because it was 
preoccupied with the engineering problem. 
The benefit-cost criterion is not adequate for evaluating the 
comprehensive Mahaica-Hâhdicôny-Abàîfy prôjêcfc which has sêVêrâl capital 
intensive features. Exclusion of such features from the cost data can 
bias the results, especially the benefit-cost ratio, since the stream 
of project benefits relative to costs ie omitting important cost elements 
for project development. 
The author's study shows a benefit-cost ratio of 1.18 at the 9.0 
percent discount rate. With the assistance of senior staff members 
of the Hydraulics Division and Statistical Bureau, the author updated 
project data to reflect 1974 prices. Estimated costs of project 
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features are US$140.0 million or G$280.0 million which include costs 
for internal works and a 50,000-ton sugar factory. Annual operation 
and maintenance costs are G$16.8 million. In terms of Guyana dollars 
the costs represent an increase of 557.0 percent above the 1960 
estimated costs. 
In estimating project direct benefits the author, like the 
consultant, used a crop-budget method of analysis. Total crop in­
come, "with" and "without" project has been estimated by multiplying 
the anticipated income per acre by the projected acreage in traditional 
and improved rice varieties, sugar cane, pasture, coconuts and ground 
provisions. With project, it is expected that 75.0 percent of the rice 
acreage would be in improved varieties because of inproved water 
distribution and control, acceptance of new farm technology and rice 
varieties such as Starbonnet and Bluebell, and initiation of production 
on lands currently unused. The remaining rice acreage would be in 
traditional varieties. Production is estimated at 180,000 tons of 
rice annually. Without project, it iâ assuifiêu bîiôt 75.0 pêrcêat of the 
rice acreage would be in traditional varieties because of inadequate 
drainage and irrigation and higher input requirements which would deter 
farmers from readily accepting the improved rice varieties. Production 
is estimated at 138,000 tons of rice annually. Therefore, the change 
with project is cibout 42,000 tons of rice annually which represent 22.0 
percent over projected yields without project. There would be an in­
crease in sugar production of about 85,000 tons which represent 20.0 
percent over projected yields without project. Increased revenue would 
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also come from intensive dairy enterprises and homestead crops. 
The projected cash flow of benefits and costs over the 50-year 
project life has been discounted to the beginning of the tifte of 
construction at interest rates of 9.0, 12.0 and 15.0 percent respectively. 
At these rates the benefit-cost ratios are 1.18, 0.97 and 0.81 
respectively while the internal rate of return is 11.86. The Mahaica-
Mahaicony-Abary project, according to the benefit-cost ratios of 
0.97 and 0.81 at the 12.0 and 15.0 percent interest rates respectively, 
is not economically feasible. This may be due to the capital expendi­
ture for the construction of a 50,000-ton sugar factory. The author 
unlike the consultant, attempts to refine project evaluation by using 
the social marginal productivity of investment criterion, a sensitivity 
analysis and a macroeconomic formulation, the results of which are 
given in the chapter. 
For the Canje project, the consulting firm, like its counter­
part, prepared detailed estimates of the quantities of work for each 
item drawn from preliminary topographical and hydrological surveys 
and from specifications of the various project features described in 
Chapter IV. Estimated costs of project features, based on 1963 prices, 
amounted to US$168.3-million or G$286.1 million including contingencies 
and engineering overheads.^ The estimates were based on costs for 
projects presently under construction in Guyana. Prices of materials 
locally available were estimated from representative prices primarily in 
"At that time the exchange rate was US$1 = G$1.70. 
118 
Georgetown while items, largely construction and pumping equipment, 
not available in Guyana were estimated from United Kingdom data. 
Several government ministries also supplied basic cost data to the 
consulting firm. The firm, in turn, decomposed project's overall 
capital costs into two categories, namely, Stages I and II with 
G$190.7 million, and Stage III with G$91.8 million. Annual operating 
and maintenance costs for the entire project were G$3.6 million (106, 
p. 15). 
Stage I comprises in conjunction with the construction of the 
Canje high dam the drainage and irrigation of 325,000 acres of 
existing and potential development, mostly on the right bank of the 
Canje in its lower and middle reaches (105, p. 93). Stage II com­
prises the construction of a main gravity canal from the Cemje high 
dam to the Stage I distribution system and the development of an 
additional 50,000 acres of land (105, p. 95). It is expected that 25 
years will be required to complete the development of Stages I and II 
of the project deriving its irrigation water from the Canje river. 
Stage III, on the other hand, covering 142,000 acres irrigated from 
the Corentyne river, will require a period of about 14 years, the 
first three of which will be for the preliminary design work and site 
investigations (105, p. 96). This stage of the Canje project can only 
materialize if Surinam is agreeable to part of the Corentyne water 
being used for irrigating Guyana's lands (105, p. 96). 
The GStinated direct benefits from development of each of the 
stages has been based on the value of the predicted agricultural output 
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net of production costs (105, p. 83). The principal agricultural out­
puts are rice, coconuts, citrus, dairy enterprises and bananas, with 
ground provisions and some annual crops as subsistence or homestead 
crops (106). The consulting firm considered cropping patterns, yields, 
prices and marketing outlets for the increased production that would 
be available in estimating project benefits and costs. It assumed that 
sufficient farm capital and agricultural credit would be available to 
settlers to establish themselves and to allow for perennial crops to 
mature and become fully productive. It also assumed that there would 
be careful selection and training of settlers, a reasonably high level 
of management, and continuous guidance through an adequately staffed 
agricultural extension service, and also that beneficial occupation of 
the holdings would be insisted upon (105, p. 105). The benefit-cost 
ratio for Stages I and II was 1.14 at the 4.0 percent discount rate 
while at the 8.0 percent discount rate, it was 0.75. This is not only 
ascribable to the high capital costs but is also partly due to the 
composition of the cropping program, and partly to the fact that more 
than half of the Stage I and II cultivable land is already under crop 
some of which are partly or fully irrigated. The internal rate of 
return was 5.5 percent (105, p. 95). For Stage III, the benefit-cost 
ratio was 1.98 at the 4.0 percent discount rate while it was 1.30 at 
the 8.0 percent discount rate (105, p. 110). The internal rate of 
return was 10.5 percent. This is ascribable to the lower capital costs 
involved, especially as there is no reservoir to be considered# and 
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partly to being able to offset costs by the full predicted benefits 
since almost all land for development is land which is not at present 
being cultivated. 
The author in updating the economic data of the Canje project 
not only followed the methodology and criteria used by Sir M. 
Macdonald and Partners but also expanded the economic analysis by in­
corporating additional techniques suitable for project evaluation. 
These included the social marginal productivity of investment criterion, 
a sensitivity analysis and a macroeconomic formulation which are dealt 
with in the chapter. Based on 1974 prices, the Canje project has an 
estimated cost of US$291.0 million or G$582.0 million including 
contingencies, engineering and other overheads during construction.. 
In terms of Guyana dollars, this reflects an increase of 104.0 percent 
above the 1963 estimated cost. 
In computing the benefit-cost ratios of project under alternative 
discount rates, the author, unlike the consulting firm, treated the 
Canje project, for expository purposes, as a macroscopic unit rather 
than two partial units. With project, it is assumed that 45.0 per­
cent of the rice acreage would be in improved varieties while the 
remaining rice land would be in traditional varieties partly because 
of settlers' adherence to indigineous technologies and varieties and 
partly bècâuSê ô£ thê 25-year waiting period for project full develop­
ment. With rice as the predominant crop, production is estimated at 
540,000 tons annually. Without project, it is assumed that 66.0 
percent of the rice acreage would be in traditional varieties because 
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of inadequate drainage and irrigation, transportation, and jungle 
colonization problems, and production is estimated at 184,000 tons of 
rice annually. The change with project is about 356,000 tons of rice 
annually which represent an increase of 15,0 percent over projected 
yields without project. Increased revenues can be realized from 
citrus, coconut, ground provision and field crops and dairy enter­
prises providing fanners have the necessary knowledge, capital and 
incentive. At the 9.0 percent discount rate, using 1974 prices, 
the Canje project has a benefit-cost ratio of 1.52 while at the 12.0 
percent discount rate, the benefit-cost ratio is 1.18. The internal 
rate of return is 13.78. These results may be partly due to the 
currently high returns on rice and food crops and partly to govern­
ment' s emphasis on the agricultural sector and its food-import replace­
ment policy (63; 55). The food drive and the banning of most canned 
foods have caused consumers to rely more on local produce and 
substitutes. 
The project feasibility studies involve expenditures and man-
hours of engineering analysis. The studies attempt to arrive at 
technically feasible solutions to drainage and irrigation problems con­
fronting project areas strategically located along the Guyana coast. 
An economic analysis of each project's actual and potential contribu­
tions to agricultural development and national economic development is 
featured in the studies. The "with" and "without" principle, as 
demonstrated above, is featured in this type of analysis which can 
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enable Guyanese decision-makers to allocate scarce resources among 
unlimited and competing ends. Decision-makers, however, must be wary 
with favorable benefit-cost ratios in feasibility studies which may 
often justify the engineering effort. An engineering firm, for 
example, may have a vested interest in a project and the planning and 
decision-making agency has to draw the line between private and col­
lective (society's) interests. Employing a low interest rate in a 
benefit-cost analysis always yields a favorable ratio. A realistic 
approach, then, is to employ a set of interest rates to check project 
outcomes. Varying the wage and foreign exchange rates and other key 
variables, as conducted in the present analysis, is also useful to 
establish project priorities. 
Table 10 presents a summary of projects' acreages and costs 
which are decomposed into construction, on-farm development, and annual 
operation and maintenance costs. The estimated costs for the combined 
project areas of 944,200 acres are G$926.9 million or G$981.68 per acre. 
The Canje project involving large-scale jungle colonization represents 
59.0 percent of the estimated costs. The Mahaica-Mahaicony-Abary 
project accounts for 34.0 percent of these costs while the Tapakuma 
and Black Bush projects make up the remainder of 7.0 percent. The 
Black Bush project, according to the location map in Chapter IV, is a 
subset of the Canje project but to avoid double counting and to simplify 
the analysis at the same time, it is treated as a separate unit. The 
adjusted acreage and cost elements of the Canje project remain es­
sentially the same since it is possible to reclaim land from the Potoco 
Table 10. Acreages and costs of drainage and irrigation projects^ 
Project Acreages (acres) Cultivated Noncultivated Total 
Tapakuma 41,750 15,250 57,000 
Black Bush 70,610 12,200 82,800 
Mahaica-Mahaicony-
Abary Stage 1 244,300 43,100 287,400 
Can je 
Stage 1 254,200 70,800 325,000 
Stage 2 38,700 11,300 50,000 
Stage 3 113,900 28,100 142,000 
Subtotal 406,800 110,200 517,000 
Total 763,450 180,750 944,200 
^Source; (5; 26; 27; 28; 32; 105; 106) computed. 
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Costs (Guyana dollars) 
Base year Construction On-farm Total Annual 
prices development operation 
and 
maintenance 
1974 7,694,000 2,260,000 9,954,000 777,100 
1974 37,332,000 17,737,000 55,069,000 1,777,300 
1974 205,748,560 74,203,683 279,952,243 16,797,135 
1974 164,143,000 153,467,262 392,253,262 3,721,410 
1974 74,643,000 (Stages 1&2) (Stages 1&2) (Stages 1&2) 
1974 78,223,000 111,397,875 189,620,875 2,717,200 
1974 317,009,000 264,865,137 581,874,137 6,438,610 
1974 567,783,560 359,065,820 926,849,380 25,790,145 
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swamp and the right bank of the Berbice river for agricultural purposes 
(105). 
The project feasibility studies, moreover, discuss projected in­
crease in incomes "with" and "without" the projects. Table 11 furnishes 
this information. Since most of the cultivated areas would be devoted 
to rice production, rice becomes a chief source of income. With the 
projects at full development traditional and improved varieties of 
paddy (rice) are expected to generate an annual income of G$128.0 
million which represent about 56.0 percent of the projected total in­
come. Sugar cane (sugar), on the other hand, is expected to generate 
about 22.0 percent of the projected total income while fruit, vegetable, 
coconut and food crops and dairy enterprises are expected to account 
for the remainder of 22.0 percent. Without the projects, rice is ex­
pected to generate an annual income of G$27.0 million which represent 
about 46.0 percent of the projected total income. Sugar is expected 
to generate about 32.0 percent of the projected total income while 
fruit, vegetable, coconut and food crops and dairy enterprises are 
e:qoected to make up for the remainder of 22.0 percent. 
To obtain optimum crop yields in project areas, it is vitally im­
portant to maintain water requirements of a particular crop, that is, 
the water budget needed for the soil moisture content. Water require­
ments include transpiration by the growing crops and evaporation from 
the land surface of the field. The consumptive use (evapo-transpira-
tion) is then the amount of water used by the vegetative growth on a 
given area in transpiration and in building plant tissues plus water 
Tcible 11. Projected increase in income with and without project' 
Project Cultivated land 
suirface (acres) 
Net crop income 
per surface 
acre (6$) 
Total income 
(G$) 
TcipaJcuma 
Ta.pakuma scheme projected 
without pocoject 
Rice - Traditional 
- In^roved 
Total 
Projected with project 
Rice - ^ Praditional 
- Improved 
Total 
Johaxma Cecelia scheme 
Projected without project 
Rice - Craditional 
tmproved 
Total 
Projected with project 
Rice - Traditional 
- Improved 
10,100 
15,100 
25,200 
6,300 
18,800 
25,100 
950 
1,430 
2,380 
600 
1,780 
72.70 
177.65 
96.80 
225.60 
63.15 
154.55 
96.80 
225.60 
734,000 
2,683,000 
3,417,000 
610,000 
4,246,000 
4,856,000 
60,000 
221,000 
281,000 
58,000 
401,000 
to 
Total 2,380 459,000 
^Source; (5; 26; 27; 28; 105; 106) computed. 
Table 11 (Continued) 
Project Cultivated land 
surface (acres) 
Net crop income 
per surface 
acre (G$) 
Total income 
(G$) 
Chairity Extension scheme 
Projectecl without project 
Rice - Traditional 
- Improved 
Total 
Projected with project 
Rice - Traditional 
- jCmproved 
Oranges 
Coffee 
Total 
1,450 
350 
1,800 
1,570 
4,700 
350 
160 
6,780 
45.64 
59.75 
96.80 
225.60 
141.42 
70.62 
65,800 
20,900 
86,700 
152,000 
1,060,000 
49,50cf 
ll,300f 
1,272,800 
Black Bush Polder 
Projected without project 
Rice - Traditional 
- improved 
Fruit 
Vegetables 
Total 
8,970 
13,450 
1,610 
1,600 
25,630 
61.20 
136;00 
240.00 
600.00 
^Assumes increase in production of 160 tons valued at 13.8 
^Assumes increase in production of 16,000 pounds valued at 
549,000 
1,829,000 
386,000 
960,000 
3,724,000 
cents per pound. 
70.5 cents per pound. 
Tatile 11 (Continued) 
Project Cultivated land 
surface (acres) 
Black Bush Polder (Cont.) 
Projectecl with project 
Rice - Traditional 5,830 
- Improved 17,470 
Fruit 1,510 
Vegetalbles -11,700 
Total 26,510 
Extension. Areas 
Projected with project 
Rice - Traditional 7,000 
- Improved 21,000 
Fruit 1,700 
Vegetables 1,900 
Sugarcane 10,500 
Pasture 2,000 
Total 44,100 
Net crop income 
per surface 
acre (G$) 
Total income 
(G$) 
80.15 
181.35 
260.00 
690.00 
467,000 
3,168,000 
393,000 
1,173,000 
5,201,000 
M 
CD 
80.15 
181.35 
260.00 
690.00 
615.00 
75.00 
561,000 
3,808,000 
442,000 
1,310,000 
6,463,000 
150,000 
12,734,000 
Ta]3le 11 (Continued) 
Project Cultivated land 
surface (acres) 
Net crop income 
per surface 
acre (G$) 
Total income 
(G$) 
MaliajLca-Mahaiicony-
Abar^f Stage 1 
Prcijected without project 
Rice - Treiditional 
- Improved 
Pasture 
Sugarcane 
Coconuts 
Ground pirovisions 
Total 
Projected vtfith project 
Rice - Traditional 
-- Improved 
Sugarcane 
Pasture (intensive dairy 
farming) 
Ground provisions 
Com and soybean 
Coconuts 
19,587 
58,760 
66,334 
7,160 
6,849 
2,249 
160,939 
37,194 
111,582 
31,610 
20,100 
12,930 
10,000 
8,647 
61-20 
136.00 
50.00 
515.00 
120.00 
500.00 
80.15 
181.35 
615.00 
200.00 
550.00 
296.00 
225.00 
14.98, 725 
7,991,360 
3,316,700 
3,687,400 
821,880 
1,124.500 
18,140,565 
5,345,845r 
36,469,304® 
19,440,150 
4,020,000 
7,111,500 
2,960,000 
1,945,575 
Total 232,063 77,292,374 
Assumes 80.0 percent of autuinn crop acreage for spring crop. 
^'Assumes 80.0 percent of autuian crop acreage for spring crop. 
Table 11 (Continued) 
Project Cultivated land 
surface (acres) 
Net crop income 
per surface 
acre (G$) 
Total income 
(G$) 
Can je 
Projected without project 
Sugarcane - Estate 34,100 
- Farmer 3,500 
Rice - Traditional 81,200 
- Improved 27,500 
Citrus 600 
Coconuts 6,300 
Annual field crops 
(maize, cowpeas, sesame) 300 
Ground provisions 7,#30 
Total 161,130 
Projected with project 
Sugarcane - Estate 34,100 
- Farmer 3,500 
Rice - Traditional 2:60,600 
- Improved 207,800 
137,400 I 
29,200 II 
94,000 III 
109,200 I 
23,400 II 
75,200 III 
410.00 
61.20 
136.00 
401.00 
150.00 
600.00 
480.00 
615.00 
80.15 
181.35 
15,416,000 
1,663,110^ 
11,087,400® 
240,600 
945,000 
180,000 
3,842,400 
33,374,510 
23,124,000 
9,385,565 
63,708,255 
Assumes 3 tons per acre and net income is 50.0 percent of gross revenue. 
^Represents stages I, II, III of the Ccinje project. 
Table 11 (Continued) 
Project Cultivated land 
surface (acres) 
Net crop income 
per surface 
acre (G$) 
Total income 
(G$) 
Canje (Continued) 
Projected with project (continued) 
Citrus 13,000 
Coconuts 9,300 
Bananas 6,500 
Annual field crops 3,530 
Ground provisions 25,400 
Dairy enterprises 24,000 
Beef enterprises 13,600 
Total 601,330 
9,200 I 
800 II 
3,000 III 
2,900 I 
350 II 
280 III 
13,200 I 
2,900 II 
9,300 III 
6,400 I 
4,000 II 
3,200 III 
355,700 I 
60,650 II 
184,980 III 
435.00 
200.00 
275.00 
690.00 
550.00 
75.00 
75.00 
5,655,000 
1,860,000 
1,787,500 
2,435,700 
13,970,000 
1,800,000 
1,020,000 
124,746,020 
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evaporated from adjacent soil or from intercepted precipitation on the 
plant foliage in any specified time (47, pp. 297-404). It also included 
necessary nonbeneficial application uses and losses together with surface 
runoff and deep percolation on the farm and water lost in conveyance from 
the source to the farms. The water requirements for crops in projects' 
areas, except the Mahaica-Mahaicony-Abary project, were estimated 
for an average year. The Mahaica-Mahaicony-Abary project area has 
consumptive and monthly irrigation requirements for crops based on a 
10.0 percent dry year. It is assumed that the area lying between the 
Abary and Berbice rivers which is being tackled by the Hydraulics 
Division is a microcosm of the entire project area in terms of net 
irrigation requirements (32). Appendix B contains the information on 
crop-water requirements, where consumptive use by crops, along with 
expected losses during conveyance and application of the water are 
estimated. This information is important for the design of draimage 
and irrigation systems in project areas. 
In addition,- the feasibility studies including those adjusted 
have projected cash flows of benefits and costs over the 50-year project 
life. These, based on the present and projected land-use patterns and 
yields, have been discounted at several rates of interest to determine 
the internal rates of return for which they are equal. The Tapakuma 
and Black Bush projects, for example, have internal rates of return of 
15.9 and 13.4 percent respectively which are in excess of the require­
ments of international financing agencies for similar projects. Although 
the opportunity cost of capital for development funds in Guyana is 
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difficult to determine, the indicated returns are well in excess of 
prevailing rates. Appendix C provides details of the projected cash 
flow of benefits and costs for the Tapakuma, Black Bush, Mahaica-
Mahaicony-Abary and Canje projects. Each lias a lag period to allow for 
project's full development. The projects, it is hcped, will improve 
the social and physical well-being of people both within and without the 
project areas and will at the same time contribute to the foreign 
exchange earnings of Guyana. 
Nor is this all. The feasibility studies show the results of 
the payment capacity for a range of farm sizes. These, two, are 
shown in Appendix C. The payment capacity analysis in this appendix 
confirms the proposition that a 10-acre paddy farm is uneconomical 
even if it is producing high yielding improved varieties. The net 
income generated from this crop is insufficient to provide the farmer 
with minimum family allowance. A 30-acre farm producing only traditional 
varieties also fails to provide the needed income. Instead, a 20-
acre farm, producing improved varieties, would generate sufficient net 
income to provide the farmer with minimum family allowance. This is 
only possible if farmers have adequate supporting services and equitable 
prices for their crops. 
Finally, the feasibility studies note that the implementation 
of projects will have insignificant advsrss sffec=ts on fisheries, 
wildlife, and other natural resources of project areas. Intensification 
of land use in project areas will result in minimal losses of important 
fish and wildlife habitats or species such as hassar (Hopolosternum 
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littorale), hourie (Hoplias malabaricus), sunfish (Crenichichla 
saxatilis), caiman (Melanosuchus niger), labba (Coelogenys paca), deer 
(Coassus rufus), wild hog (Dicotyles torquatus), jaguar (Felix onca), 
sakiwinki (Chrysothrix sciureus), spurwing (Jacana jacana), egret 
(Leucophoyx thula), wisy-wisy duck (Dendrocygna autumnalis) and 
currie-currie (Scarlet ibis). The flesh of the labba is esteemed above 
that of all other animals to the extent that it has passed into the 
colonial legend, "If one eat labba and drink creek water, one must 
return to the colony" (87, p. 62). 
Despite the above view on projects' environmental effects, it 
must be recognized that agriculture has the greatest potential to 
deteriorate the natural resources of project areas and the environment. 
Toxic substances from agricultural fertilizers, pesticides, herbicides 
and other chemicals can easily enter into surface watercourses and 
thereby affect water quality. Watercourses, being a transport agent of 
a large variety of degradable and nondegradable substances, serve to 
connect, in a physical sense, various users (uses) of the water supply. 
This linkage inevitably leads to external effects on an interfirm basis. 
Sediment transport by watercourses, for instance, has adverse effects 
on drainage trenches, irrigation canals, and stream channels. During 
flood times, sediment destroys crops. Sediment is a pollutant or an 
out-of-place resource. 
As Guyana pursues a scientific approach to agriculture there will 
undoubtedly be side effccts on the natural environment ^ Though the 
question of environmental quality has not been brought to the fore-
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front here as yet, it is prudent in the wake of the experiences 
of industrialized countries to minimize the adverse effects of 
agricultural inputs on the environment. Guyana is essentially a 
land of many rivers which are potential transport agents of toxic 
substances originating from both the agricultural and nonagricultural 
sectors. The sediment problem, as noted in Chapter IV, inhibits the 
efficiency of drainage outlets. It also despoils the beauty of the 
natural environment. 
The major drainage and irrigation projects, Tapakuma, Black Bush, 
Mahaica-Mahaicony-Abary and Ceinje, represent an integrated develop­
ment of the coastlands, and their implementation will require bold and 
imaginative handling, based on a well-determined policy. The applica­
tion of investment criteria to these projects is indicative of that 
policy. 
B. Benefit-Cost Analysis of 
the Projects 
This type of analysis is useful for project evaluation in both 
developed and developing countries. All countries, particularly de­
veloping countries, face the basic problem of allocating limited re­
sources such as labor, capital, land, and other natural resources, and 
foreign exchange to many different uses. These uses range from current 
production of consumer goods and public services to investment in 
infrastructure, industry, agriculture, education and health. The 
different uses of resources, however, are not the final aim of the 
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allocative process but are the means by which an economy can muster 
its resources in the pursuit of more fundamental objectives. Some 
of these objectives are increased aggregate consumption, growth pro­
motion, equitable income distribution and balance-of-payments 
equilibrium. The pursuit of these objectives involves tradeoffs among 
competing uses for scarce and limited resources. Project analysis 
employing the benefit-cost criterion is one aspect of the choice 
mechanism. Benefits and costs are expressed in monetary terms. If the 
benefits exceed the costs the project is acceptable; otherwise, it is 
unacceptable. 
The studies of the four major drainage and irrigation projects 
in Guyana contain benefit-cost analysis. /he benefits may be direct, 
indirect and secondary. Direct benefits are the value of immediate 
goods and services stemming directly from the project. These direct 
benefits are the increase in net-farm income arising from the Tapa-
kuma. Black Bush, Mahaica-Mahaicony-Abary and Canje projects. In­
direct benefits are all other benefits attributable to the projects 
which can be expressed in monetary terms. Forward and backward linkages 
take place during project operation. Forward linkages occur in in­
dustries which use or process project outputs while backward linkages 
arise in industries which supply inputs in that such industries are 
encouraged Or Stimulated by IncreâSêu uêiïiâîïu and higher Ot lower 
prices for their outputs. Linkages are only possible if excess capacity 
exists in project input and product industries. Secondary benefits 
emanate from the creation of income during the construction phases of 
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the projects and are simply the multiplier effects of the initial 
investment flows of those projects. 
The projects' costs include all capital costs involved in the 
construction of reservoirs and conservancies, of installing the various 
pumping stations, of the irrigation and drainage networks down to farm 
level, of building the system of farm access roads, and of the clearing 
of high forest or savanna bush. The total of these costs does not in­
clude provision for building houses for settlers, a cost which will 
have to be met by the settler with the help of state credit. The 
Mahaica-Mahaicony-Abary project cost, however, includes an estimated cost 
of senior and junior staff facilities because of a proposed 50,000-ton 
sugar factory in the project area. Social infrastructure costs for 
community and health centers, schools, potable water supply systems, and 
processing plants for milling paddy as well as the costs of improving 
communications other than the building of roads have not been included 
in total projects' costs. Annual operation, maintenance and routine 
replacement costs together with agricultural extension service costs 
have been included in total projects' costs. 
As outlined in Chapter III, the present value of project benefits 
is expressed as: 
T 
-t 
B = Z B (i+1) 
t=0 
t = 0 T) 
where 
B t 
Y 
t C •pt 
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= gross farm output, year t; 
Cp^ = direct farm production cost, year t; 
and 
i = interest or discount rate. 
The present value of project costs is expressed as: 
T 
C = Z C (i+1) (t = 0,...,T) 
t=0 
where 
^t = ^ct + \t + °xt 
= construction costs, year t, including contingency allowances; 
= associated on-farm development costs, year t; 
= operation, maintenance and replacement costs of project 
works, year t; and 
i = interest or discount rate. 
The acceptance or rejection of a project depends on the magni­
tude of the benefit-cost ratio (BCR). If BCR ^  1, a project is deemed 
acceptable; otherwise, it is rejected. 
Furthermore, there are both foreign exchange costs and benefits 
originating from the comprehensive drainage and irrigation projects. On 
the cost side international financing is necessary for the construction, 
on-farm development and farm production phases of a project. Foreign 
currency is needed for the purchases of construction equipment, 
drainage and irrigation puaps,materials and vehicles for civil works 
and land leveling and for payments to overseas consultants' services. 
The Tapakuma and Black Bush feasibility studies, unlike the Mahaica-
Mahaicony-Abary and Canje reports, have a foreign currency cost 
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component. The Mahaica-Mahaicony-Abary project is currently tackled 
on a force account basis by the Hydraulics Division of the Ministry of 
Agriculture but the magnitude of the project will require investment 
funds from abroad. It is assumed that 85.0 percent of the project 
costs will come from foreign sources. For the Canje project, it is 
assumed that 90.0 percent of the estimated costs will have a foreign 
currency cost component. Table 12 shows foreign exchange costs as a 
proportion of project total costs and foreign exchange earnings as a 
proportion of project total returns. There is a wide variation among 
projects in terms of foreign exchange cost components. The Tapakuma 
and Black Bush projects are relatively small and thus require a lesser 
proportion of foreign exchange costs. The large projects, Mahaica-
Mahaicony-Abary and Canje, require highly capital intensive techniques 
to bring them into beneficial utilization. Practically all of their 
Table 12. Foreign exchange costs and earnings as a proportion of 
project costs and returns* 
Project 
Foreign exchange 
costs as a % of 
project costs 
Foreign exchange 
earnings as a % 
of project returns 
Tapakuma 64.4 50.0 
Black Bush 55.0 50.0 
Mahaica-Mahaicony-Abary 85.0 57.8 ,b 
Canje 90.0 51.4 b 
^Source; (26; 27; 28; 106) computed, 
U 
Based on projected net income. 
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expected costs which are beyond the financial resources of Guyana must 
come from international sources. 
Correspondingly, the Tapakuma and Black Bush projects have the 
same proportion of foreign exchange earnings. The Harza Engineering 
firm which conducted the feasibility studies for the rehabilitation 
and extension of these two projects made this assumption (26; 28). 
The Mahaica-Mahaicony-Abary and Canje projects have a higher propor­
tion of foreign exchange earnings than the other two projects. The 
foreign exchange effect of each project is influenced by the con­
sumption of imported materials such as equipment, materials, fertilizers, 
pesticides, and other purchases. 
Each of the major drainage and irrigation projects is now put to 
the benefit-cost analysis test. The discounted benefits and costs of 
the projects based on the price regime of 1974 in Guyana are established 
in the economic feasibility studies. These are shown in Table 13 in 
thousand Guyana dollars at alternative interest rates. All the four 
projects in spite of their capital costs are economically feasible at 
the 9.0 percent interest rate. The largest project, Canje, has a BCR 
of 1.52 at this interest rate as opposed to 1.70 for the relatively small 
project, Tapakuma. The Black Bush and Mahaica-Mahaicony-Abary projects 
have a BCR of 1.55 and 1.18 respectively. At the 12.0 percent interest 
rate the Tapakuma project has a BCR of 1.34 as opposed to the Mahaiea-
Mahaicony-Abary project with 0.97. The Black Bush and Canje projects 
have a BCR of 1.13 and 1.18 respectively. The Tapakuma project is 
consistently favorable even at the 15.0 percent interest rate. It is 
Table 13. Discounted benefits ancl costs of projects in thousand Guyana dollars and benefit-cost 
ratios at alternative interest rates^ 
9% 12% 15% 
Project Dis- Dis- Benefit-
counted counted cost 
benefits costs ratio 
Dis- Dis- Benefit-
counted counted cost 
benefits costs ratio 
Dis- Dis- Benefit-
counted counted cost 
benefits benefits ratio 
Tapalcuma 23,336 
Black Bush 102,713 
Mahai.ca-
Mahaiicony-
Abaiy 353,050 
Canjc! 392,948 
13,739 
66,110 
298,389 
259,359 
1.70 
1.55 
1.18 
1.52 
16,313 
68,609 
12,216 
60,944 
225,292 230,833 
237,842 201,256 
1.34 12,139 11,199 1.08 
1.13 48,718 56,853 0.86 
0.97 151,795 186,358 0.81 
1.18 157,172 162,756 0.97 
^Source; (26; 28) computed. 
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the only project which has a BCR greater than unity, that is, 1.08 
while the Can je. Black Bush, and Mahaica-Mahaicony-Abary projects have 
benefit-cost ratios of 0.97, 0.86, and 0.81 respectively at the 15.0 
percent interest rate. 
The poor performance of the Mahaica-Mahaicony-Abary project 
at the 12.0 and 15.0 percent interest rates is largely due to the 
capital cost of a 50,000-ton sugar factory. The construction of 
such a factory will tend to make the project a marginal one. The 
32,000 acres of land earmarked for sugar cane cultivation vis-à-
vis the cost of a sugar factory can be beneficially utilized in coopera­
tion with Blairmont estate. The present capacity of this estate's 
sugar factory can be expanded to accommodate the increased sugarcane 
acreage in the project area. A similar arrangement is being made with 
Skeldon estate in regard to the Black Bush project. If it is not 
technically possible to expand Blairmont's capacity, then it is 
better to modify the recommended cropping patterns in order to 
foster diversified agriculture in project area. It is uneconomic to 
erect a new sugar factory in the project area under the proposed 
land use because of the capital cost involved. Such an investment will 
represent a misplaced priority of scarce investment funds. 
Sugar is a commodity which is vulnerable to international market 
fluctuations {23; 22: 65). Per example, in 1965 the price for a ton 
of sugar was G$179 while in 1973, it was G$337 (66). This reflected an 
increase ot 68.û percent. In 1974, the price rose to G$942 per ton, 
reflecting an increase of 180.0 percent (23; 65). The lucrative prices 
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of sugar in 1974, in international markets, were due to adverse weather 
conditions in the Far East which seriously affected sugar output in 
those regions. Sugar prices continue to plummet in international 
markets, and beet sugar, a substitute for cane sugar, is assuming 
significant importance in these markets. Recent reports indicate that 
European countries are e:ganding beet-sugar production in the light of 
their 1974 experience (111). 
Thus, it is prudent to maximize rice and livestock production in 
the Mahaica-Mahaicony-Abary project area which displays locational 
advantages for these two economic activities. Fish and wildlife 
activities can also be encouraged on a recreational or commercial basis. 
The project aurea is noted for hassar (Hoplosternum littorale), hourie 
(Hoplias malabaricus), ducklar (Anhinga anhinga), and deer (Coassus 
rufusj which make splendid dishes. All of these can comparatively 
contribute to a more favorable BCR for the Mahaica-Mahaicony-Abary 
project at alternative interest rates. 
Although the Can je project is the leurgest and most e^çensive, it 
has a favorable BCR at the 9.0 and 12.0 percent interest rates. 
This project performs better than the Mahaica-Mahaicony-Abary project 
which is second in size and cost under the benefit-cost test. 
This is partly due to the present development of the area with existing 
sugar estates and rice schemes and partly to the projected net income 
under a diversified agricultural program. The Canje project area, too, 
offers a much greater proportion of land of high capability which can be 
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used to increase agricultural production essential to the future economy 
of Guyana. It is expected that 25 years will be required to complete 
the development of that part of the Canje project deriving its irri­
gation water from the Canje river. Such development, particularly the 
construction of the high dam and reservoir, will secure the supplies 
for all existing irrigation schemes in the Canje area which are not 
assured at present, whilst the additional supplies from the storage 
works will enable development to proceed on the lands bordering the 
lower reaches of the Canje river. The projected crop acreages are a 
constituent part of the strategy for increased agricultural production 
and productivity. 
The benefit-cost analysis now considers the ranking of projects. 
According to Table 14, the Tapakuma project is ranked first at the 9.0 
percent interest rate followed by Black Bush, Canje éuid Mahaica-
Mahaicony-Abary projects. Tapakuma continues to assume this position 
at the 12.0 percent interest rate followed by Canje, Black Bush, and 
Mahaica-Mahaicony-Abary, Again.- the Tapakuma project is ranked first 
at the 15.0 percent interest rate while the Canje, Black Bush and 
Mahaica-Mahaicony-Abary projects are ranked second, third and fourth 
respectively. The Tapakuma project is consistently ranked first because 
of its size, benefit and cost components. Comparatively, it is a 
small project with favorable net crop returns. Diametrically,, the 
Mahaica-Mahaicony-Abary project is ranked fourth because of its 
capital cost of a 50,000-ton sugar factory which tends to diminish 
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Table 14. Project ranking by benefit-cost ratios at alternative 
interest rates& 
Project 9% 12% 15% 
B/C ratio Rank B/C ratio Rank B/C ratio Rank 
Tapakuma 1.70 1 1.34 1 1.08 1 
Black Bush 1.55 2 1.13 3 0.86 3 
Mahaica-
Mahaicony-
Abary 1.18 4 0.97 4 0.81 4 
Canje 1.52 3 1.18 2 0.97 2 
^Source: (26; 28) computed. 
project net benefits. The Canje project is ranked second except at the 
9.0 percent interest rate. Similarly, the Black Bush project is 
ranked third. The apparent "rivalry" between these two projects may 
be syraptomatic of their topographical affinities. 
Apart from the ranking of projects, the benefit-cost analysis 
proceeds at another level by incorporating a shadow price for labor. 
Such a price, implicit in the institutional and political structure 
of an economy, represents a unit contribution to an objective function. 
It is not necessarily limited to a closed mathematical or programming 
system (8; 17; 19; 56). For example, in a planned economy like Guyana, 
the social preference function of those in power to make decisions per­
meates the economic and political environment (23; 79; 80). Given this 
setting coupled with the presence of a 20.0 percent unemployment rate 
and the absence of an econometric model for the Guyanese economy, the 
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analysis assumes that the shadow wage rate is equal to 80.0 percent 
of the market wage rate because the market wage rate is likely to 
overestimate output forgone by withdrawing labor from agriculture. 
The shadow wage rate is not set at zero because farmers in project 
areas are assumed to possess minimal agricultural skills and the 
capacity to adapt to commercial farming practices. Further, given the 
economic life of projects, the productivity of farm labor in the 
comprehensive drainage and irrigation projects would tend to rise over 
time as long as the pace of development continues. As industrial ex­
pansion and migration of labor from agriculture take place, the 
real wage of labor rises over time. There are positive costs in 
shifting labor from one economic activity to another; hence, the 
shadow wage rate is positive. 
Regarding the shadow foreign exchange rate, the analysis puts it 
at 118.0 percent of the market rate prevailing in 1974. In 1970, 
the market rate was G$1.9 equal to US$1, while in 1974 it was G$2 
equal to US$1 reflecting an increase of 5.0 percent. In October 
1975, however, the Guyana dollar by administrative decree cut loose 
from the pound sterling and became tied to the United States 
dollar at a fixed exchange rate of G$2.55 to US$1, reflecting an 
increase of 34.0 percent over the 1970 official exchange rate. Thus, 
the shadow foreign exchange rates of G$2=36 and G$2=80 in 1974 and 
1975 are consistent with the devaluation of the pound sterling rela­
tive to the United States dollar. These figures respectively repre­
sent 18.0 and 40.0 percent above the 1974 official exchange rate. 
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It is extremely difficult to calculate shadow prices of foreign exchange 
by programming models. The functional relationships in these models, ac­
cording to Taylor and Bacha, are always estimated in tariff-disoriented 
domestic prices and cannot give rise to shadow prices "optimal" in terms 
of world prices (94). 
Moreover, in the long run, many substitution possibilities exist 
that are usually ignored by linear models which fail to include nonlinear 
functional relationships inherent in international trade theory. These 
models cannot deal with the disaggregation and nonconvexities inherent 
in a detailed treatment of the industries in which a country might 
have comparative advantage. Consequently, the models' prices cannot 
reflect a resource allocation optimized in detail among these foreign 
exchange-generating activities. There is a lack of consensus aunong 
economists in their recommendations to the practical foreign exchange 
shadow prices for project evaluation (20; 48; 94). Furthermore, there 
is capital scarcity in Guyana and the need to conserve foreign exchange 
a yrarr-ima i-i-F «avr'Vianrro r-onl-ynl B . imnrtirt- yanlaromemfs. and mfhar 
restrictions, as dictated by the political structure, are of over-
rding in^rtance to the national economy (2; 66). Thus, the analysis 
assumes that the shadow foreign exchange rate is higher than the market 
foreign exchange rate and the shadow interest rate for capital is higher 
than the market interest rate. Several authors have advocated this 
procedure in evaluation of public investment projects (8; 20; 48; 56; 
91; 94). 
Table 15 gives the comparative results of the benefit-cost 
Table 15. Comparison of benefit-cost ratios at market and shadow wage and foreign exchange 
prices and at alternative interest rates* 
Project 
9% 
B/C ratio B/C ratio 
at market at shadow 
prices prices 
12% 
b/C ratio b/C ratio 
at market at shadow 
prices prices 
15% 
B/C ratio B/C ratio 
at market at shadow 
prices prices 
Tapcikuma 1.70 
Black Bush 1.55 
Mahaica-Mahaicony-
â]Dai:y 1.18 
Canne 1.52 
1.92 
1.78 
1.37 
1.80 
1.34 
1.13 
0.97 
1.18 
1.51 
1.29 
1.13 
1.40 
1.08 
0.86 
0.81 
0.97 
1.41 
0.98 
0.94 
1.14 
^Source: (26; 28) computed. 
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ratios at market and shadow prices for labor and foreign exchange and at 
alternative interest rates. It is of interest to note that the BCR for 
each project increases when shadow prices are applied. Projects perform 
better with such prices which curtail construction and production costs. 
The gross outputs of projects are unaffected by these prices. When the 
present discounted value of benefits exceeds the present discounted value 
of costs, the shadow prices have a positive effect; otherwise, they have 
a negative effect. As illustrated in the table, the effect of shadow 
prices on the economic evaluation of the projects is positive. 
All the projects have favorable benefit-cost ratios at the 9.0 
and 12.0 percent interest rates when shadow prices are used. At these 
rates, Mahaica-Mahaicony-Abary project has a BCR of 1.18 and 0.97 at market 
prices. At a 15.0 percent interest rate, the use of shadow prices increases 
the benefit-cost ratios of the projects. Nonetheless, the Black Bush and 
Mahaica-Mahaicony-Abary projects have benefit-cost ratios less than unity 
which are still higher than those obtained at market prices. Only the 
xapakumâ project at inarket prices is eCOiiOiTiically fêêâiblc at the 15.0 
percent interest rate. This project which is also consistently ranked 
first at both market and shadow prices suggests that small projects have 
the propensity to realize a higher economic rate of return than large 
projects. The Canje project at market prices except at the 9.0 
percent interest rate is also consistently ranked second which is 
indicative of its present and potential development. Similarly, 
the Black Bush project is ranked third- The Mahaica-Mahaicony-Abary 
project is ranked fourth which is indicative of its high capital intensity 
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and proposed land utilization. 
In addition, the Tapakuma project is expected to provide substantial 
indirect benefits which are susceptible to measurement such as value added 
to rice production for transportation, milling, storage and marketing, and 
increased employment for construction, operation, and maintenance of 
project facilities (26). The business sector is likely to benefit from 
the increased purchasing power of project settlers, and the Guyanese 
economy is likely to receive annually em additional G$5.0 million of 
foreign exchange through rice exports. 
The Black Bush project is forecast to provide significant indirect 
benefits originating from increased utilization of rice drying, storage, 
and milling facilities and from increased employment opportunities for 
unskilled labor, mainly in planting and cane-cutting. A foreign exchange 
of G$15.0 million annually is expected from the sale of rice and sugar 
in overseas markets (28). 
The Mahaica-Mahaicony-Abary project is expected to generate substan­
tial indirect benefits coming from sugar cane operations, mainly in 
planting and cutting, from value added to rice production for transpor­
tation, milling, storage and marketing and from increased employment for 
construction, operation and maintenance of project facilities. It is 
eagected that the project at full development would realize G$37.0 million 
annually in foreign exchange from the sale of sugar and rice. This 
would contribute immensely to the improvement of the country's balance-
of-payments position. 
The Canje project is forecast to generate significant indirect 
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benefits emanating from value added to rice production for transporta­
tion, milling, storage, and marketing, for peasant cane farming 
operations, and from increased employment stemming from construction, 
operation and maintenance of project facilities. The project at full 
development is also forecast to add annually G$71.0 million in foreign 
exchange from the sale of rice and sugar. Such foreign exchange earnings 
would have favorable effects on the balance-of-payments position of the 
country and could be utilized to stimulate agricultural development and 
national economic development. 
Moreover, significant intangible benefits are associated with the 
major drainage and irrigation projects. The projects, Tapakuma, Black 
Bush, Mahaica-Mahaicony-Abary and Canje, would serve national welfare 
objectives of improved health, living standards, and income distribution; 
of employment creation for rural residents; of reducing population density 
on the coastland; and of enhancement of road communications in the farm 
community (5; 26; 28; 106). These projects are also indicative of a 
conscious attempt to enhance agricultural and national economic development 
through agreirian reform. Land resources are of paramount in^rtance 
to the total development of the Guyanese economy provided adequate water 
control is always maintained. Agriculture in Guyana is synonymous with 
water control. No concerted development of agriculture can take place 
with inadequate drainage and irrigation. 
Concomitantly, defects in agrarian structures such as uncertain-
tiss arising from conditions of tenure, high fixed costs to operator, 
lower uses of land arising from pattern of ownership, undersized holdings 
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and noncontiguous tracts conspire to frustrate the goals of agrarian re­
form (114). Notwithstanding these defects, increased efficiency of land, 
labor cmd capital resources in agriculture is possible through the es­
sential elements of incentive, knowledge and capital which will eventually 
lead to the attainment of agricultural and economic development goals. 
These are hoped-for goals in the implementation and development of the 
comprehensive drainage and irrigation projects in Guyana. The creation 
of an egalitarian society is one of the basic ends of the present 
administration's philosophy and ideology (63). Teleologically, such a 
society has to forge a multilateral integration of the physical, eco­
nomic and institutional dimensions which will elicit trade-off options 
for policy makers. 
As explained in Chapter II, the agricultural sector plays a domi­
nant role in the national economy. Sugar and rice, apart from 
bauxite-alumina, are the mainstay of Guyana's trade since they account 
for 40.0 percent of the value of exports (2). Tables 16 and 17 provide 
statistical information regarding sugar production, acreage, yields and 
exports for the period 1965-1975. From Table 16 it is evident that 
sugar production has steadily increased except for the years 1966 and 
1973 when production fell below the 300,000-ton level. The decline in 
production for these years was attributable to increasing costs of pro­
duction caused by labor unrest and other civil disturbances along with 
resistance to mechanization and other efforts for labor-saving efficiency 
(28). It is also evident from Table 17 that Guyana sold about 53.0 per­
cent of its total raw sugar production to Great Britain under the 
Table 16. Sugar production, area and yields for 1965-1975^ 
Year 
Area 
(acres) 
Production 
(tons) 
Average yield per acre 
(tons/ (tons/ 
sugar) cane) 
Extraction rate 
(tons cane/ 
tons sugar) 
1965 105,000 311,900 3.0 32.2 10.73 
1966 104,600 289,100 2.8 32.2 11.50 
1967 116,000 346,800 3.0 31.9 10.63 
1968 107,400 338,500 3.0 32.7 10.73 
1969 126,000 364,400 2.9 31.0 10.68 
1970 107,200 311,100 2.9 32.9 11.34 
1971 136,600 368,800 2.7 29.7 11.00 
1972 148,500 314,600 2.4 26.5 11.04 
1973 112,000 261,800 2.3 26.3 11.43 
1974 138,000 340,800 2.5 27.4 10.96 
1975^ 84,978 259,183 3.1 31.0 11.52 
^Source: (61; 66). 
^Up to November 7, 1975. 
Table 17. Sugar exports and prices for 1965-1975^ 
Year 
United Kingdom United States Canada Average export 
price 
G$/ton 
Exports 
1000 ton 
Price 
G$/ton 
Exports 
1000 ton 
Price 
G$/ton 
Exports 
1000 ton 
Price 
G$/ton 
1965 132 225 31 218 104 108 179 
1966 129 230 54 229 96 98 184 
1967 180 230 55 263 77 84 200 
1968 163 230 71 301 62 94 219 
1959 197 230 100 310 32 152 247 
1970 160 230 105 323 23 181 260 
1971 241 224 91 333 6 216 253 
1972 214 300 86 360 - - 317 
1973 198 430 27 650 - - 337 
1974 127 609 103 956 - - 942 
1975^ 48 1352 37 2008 — — 1800 
^Souirce : (66). 
^Up to July 1975. 
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Commonwealth Sugar Agreement, 22.0 percent to the United States under the 
basic and supplementary quotas of the United States Sugar Act, 8.0 percent 
in local markets, and 17.0 percent in the open world free market which in­
cludes Canada. The sugar trade on a worldwide basis is conducted under 
various special arrangements and importing countries give price dif­
ferentials to sugar-producing countries with which they have political 
alliances. However, for the period 1972-1974 sugar exports were con­
fined to the United Kingdom and the United States markets (66). 
The Black Bush, Mahaica-Mahaicony-Abary and Canje projects aire 
expected at full development to produce approximately 175,000 tons of 
sugar most of which will be sold in the traditional markets. With the 
decline in sugar production in other parts of the Caribbean area and pos­
sible increases in quotas from the United States, coupled with the 
United Kingdom* s entry into the European Economic Community (EEC), Guyana 
has good prospects for maintaining a viable sugar industry and of mzUting 
substantial improvement resulting from cost reductions (28). The 
rêCêûûxy xu^uiêCi uajLxûûêâii ânû râCliiu ytuup ut auyat-
producing countries, makes collective decisions with regard to sugar 
sales in international markets (23). Guyana will benefit from flCP 
negotiations, and the projects' output based on preferential prices will 
tend to have a favorable impact on the country's balance^-of-payments 
position. A healthy balance-of-payments position will enable Guyama 
to improve the physical and social well-being of its people by 
accelerating the pace of economic development. 
Analogously, Tables 18 and 19 provide statistical information 
Table 18. IRice production, area and yields for 1965-1975^ 
Spring crop Autumn crop Total 
Year 
Acreage 
har­
vested 
Production 
(tons) 
Yield 
(tons/ 
acre) 
Acreage 
har­
vested 
Production 
(Tons) 
Yield 
(tons/ 
acre) 
Acreage 
har­
vested 
Production 
(tons) 
Yieldb 
(tons/ 
acre) 
1965 88,271 30,674 0.35 248,960 134,228 0.54 337,231 164,902 0.49 
1966 45,472 11,808 0.26 262,923 147,600 0.56 308,395 159,408 0.52 
1967 76,318 31,461 0.41 177,181 95,454 0.54 253,499 126,499 0.50 
1968 111,465 46,973 0.42: 201,670 89,717 0.44 313,135 136,690 0.44 
1969 82,024 24,112 0.29 197,279 86,745 0.44 279,303 110,857 0.40 
1970 82,290 35,306 0.43 211,992 106,980 0.50 294,282 142,286 0.48 
1971 61,046 27,170 0.44 171,696 92,773 0.54 233,540 119,943 0.51 
1972 79,400 25,667 0.32 116,900 68,438 0.59 196,300 98,105 0.48 
1973 78,000 33,000 0.42 169,073 78,541 0.46 247,073 111,541 0.45 
1974 84,680 40,300 0.4EI 190,000 99,600 0.52 274,680 139,000 0.51 
1975^ 106,661 59,461 0.56 181,200 126,367 0.70 287,861 185,828 0.65 
^Source: (61). 
^Yields are expressed as tons (2,240 pounds) of rice. Conversion at 1 ton paddy to 0.65 ton 
rice. 
^Provisional. 
Table 19. Rice escports and prices for 1965-1975^ 
Exports in tons^ 
Country 
1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975° 
Trinidad 29,759 28,778 29,670 30,900 27,646 28,169 31,762 30,274 16,080 16,805 7,348 
Jamaica 11,555 10,083 13,615 17,232 13,650 17,550 15,477 22,779 20,520 20,167 22,507 
Barbados 7,786 7,931 7,971 7,360 6,535 8,230 7,611 7,038 4,523 4,708 3,989 
Leeward & Wind­
ward Islands 5.800 6,753 6.292 8.554 6,756 7,296 7,625 6,459 6,688 ,1,065 
SUBTOTAL 54,900 53,545 57,548 62,046 54,587 61,245 62,475 66,548 47,811 44,745 36,655 
Martinique 
Guadeloupe 
3,978} 
1,448 
4,302 
1,822 
6,118 
2,046 
5,984 
2,229 
3,897 
549 
285 
4,536} 3,124} - 105} 
West 
Africa 16,513 23,084 6,425 4,383 - - - - - - -
Other 18,574 18,259 22,464 18,878 1,531 32 544 22 5,983 3,385 
TOTAL 93,965 100,638 94,377 93,337 62,244 62,111 67,555 69,694 47,811 50,833 40,040 
Average 
export price 
(GS/ton) 
1
240 232 252 277 308 310 316 362 523 965 1,069 
^Source; (66). 
^acport figures for 1966-1969 are given for year ending December, and for 1970 for year 
ending September. 
^Up to July 1975. 
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regarding rice production, acreage, yields and exports for the period 
1965-1975. From Table 18 it is noticeable that rice production has 
steadily increased except for the year 1972 when production fell 
below the 100,000-ton level. The decline in production was due to in­
adequate drainage and irrigation facilities, poor crop husbandry and in­
creasing costs of production. It is further noticeable from Table 19 
that Guyana sold approximately 80.0 percent of its rice exports to the 
Caribbean countries. Rice, being a staple food for the Caribbean people, 
provides Guyana with a steady market (65). The major drainage and 
irrigation projects, Tapakuma, Black Bush, Mahaica-Mahaicony-Abary 
and Canje, are forecast to produce at full development 500,000 tons 
of rice most of which will be sold in the traditional and nontraditional 
markets such as Cuba and the United Kingdom. Guyana's potential for 
export rice hinges on its ability to produce, mill, and market quality 
rice. The present program aimed at increasing Guyana's output of higher 
quality rice for the e5Ç)ort market is concerned with the establishment of 
an adeqiiate research station, providing necessai-y paddy drying and 
storing facilities, and development of milling units to efficiently 
process high quality white rice. In this way, Guyana can be competitive 
in world market and can realize needed foreign exchange earnings which 
can be used to foster agricultural and national economic development. 
The projected impacts of the selected drainage and irrigation projects 
in Guyana are positive and substantial in terms of land utilization, em­
ployment creation, income generation and balance-of-payments contribu­
tion (5; 26; 28; 105). The following section deals with the internal 
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rate of return as an investment criterion for project evaluation. 
C. Internal Rate of Return 
Like the benefit-cost criterion, the internal rate of return is 
useful for project evaluation. It is that rate of discount, as noted 
in Chapter III, which makes the present value of benefits equal to the 
present value of costs or which makes the present value of the entire 
streêun of benefits and costs exactly equal to zero. Thus, for a 
given investment there is a stream of benefits, B^, and costs, C^, 
accruing over the project life, t- The internal rate of return, p, 
or the rate of discount is symbolically represented by the following 
expression; 
T B^-C 
t=o ° ° ° ° 
where B^, C^, and t are defined as above. 
The foregoing expression may yield multiple solutions when the 
time profile of net benefits causes zero more than once. In some 
projects there may be several discount rates which make the present 
value zero and it is probable that none of these discount rates is 
useful for comparing it with other projects. When there is in-
congatibility in the solution the internal rate of return as a cri­
terion for project evaluation may not be useful (46, pp. 13-14). In 
the present analysis this situation does not arise, for the selected 
drainage and irrigation projects have single-valued internal rates of 
return. 
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The internal rate of return screens out those projects whose 
internal rates of return are below the opportunity cost of investable 
capital. In this way decision-makers can establish investment 
priorities by selecting those projects which have economic rates of re­
turn greater than or equal to the opportunity cost of investable 
capital. 
The benefit-cost and internal rate of return criteria accept 
feasible projects and reject infeasible ones. The foraer occurs when 
the benefit-cost ratio exceeds unity and the internal rate of return ex­
ceeds the minimum acceptable discount rate. The latter occurs when the 
benefit-cost ratio is less than unity and the internal rate of return is 
less than the established discount rate. Consider Table 20 which shows the 
internal rates of return and benefit-cost ratios, at market prices, of the 
major drainage and irrigation projects. If the acceptable discount rate, 
i, is 9.0 percent, then the internal rate of return, p, is greater than i, 
indicating that the benefit-cost ratio is greater than one. The four 
projects under review substantiate this proposition. They also 
substantiate the proposition if p equals i, then the benefit-cost ratio 
is one. If p is less than i, then the benefit-cost ratio is less than 
one. 
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Table 20. Internal rates of return and benefit-cost ratios of drainage 
and irrigation projects at market prices^ 
Project Internal rate of return 
at market prices 
Value 
Benefit-cost ratio 
at market prices 
discounted at 9.0% 
Value 
Tapakuma 15.95 1.70 
Black Bush 13.44 1.55 
Mahaica-Mahaicony-
Abary 11.86 1.18 
Can je 13.78 1.52 
^Source: (26; 28) computed. 
Further, the internal rate of return tends to favor projects with 
large operating cost-investment ratios since it concentrates on the 
initial investment return. This is unlike the benefit-cost criterion 
which favors projects with high initial outlay and low operating 
costs. 
D. Social Marginal Productivity of Investment 
in Drainage and Irrigation Projects 
Coupled with the foregoing criteria, the social marginal 
productivity of investment (SMP) criterion is important for public 
investment decision-making. This criterion, as advanced by Chenery 
(5; 55) and discussed in Chapter III, attempts to ireasure a project's 
impact on various national objectives, it is a useful adjunct to 
benefit-cost analysis because the balance-of-payments effects are 
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separated from the total effects of project investment and operation. 
The principal task of this section then is to estimate the SMP for the 
selected drainage and irrigation projects, namely, Tapakuma, Black Bush, 
Mahaica-Mahaicony-Abary, and Can je. At the outset, it is apt to recognize 
that in the estimation of the SMP some of the data are extracted from the 
feasibility studies while others are based on the author's estimates. 
Nevertheless, it is hoped that this analysis would be useful to 
Guyanese policymakers. The present exercise, according to senior staff 
members of the Hydraulics Division of the Ministry of Agriculture, would 
fulfill a long-felt need for a thorough economic evaluation of the 
nation's major drainage and irrigation projects. 
The SMP criterion is expressed thus: 
where the first term, the output-capital ratio, is respectively followed 
by the domestic costs-capital ratio and the balance-of-payments effects 
per unit of project investment. The formula à la Chenery has the 
following elements (104) : 
K = project fixed investment; 
V = domestic total value added = X + E - M^; 
X = gross output; 
E = externalities; 
= imported materials; 
C = total costs of dûïïièSfcic inputs = L + - 0; 
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L = labor costs; 
= domestic materials; 
0 = fixed costs including operation, maintenance and re­
placement costs ; 
B = total net effect on the balance of payments = aB^ + Bg; 
a = capital recovery factor or the combined amortization and 
interest rate charged against investment; 
B^ = effects of project's installation costs on the balance 
of payments; 
B_ = effects of project's operation on the balance of payments; 
and 
r = percentage difference between shadow and official exchange 
rates. 
Concerning the total net effect on the balance of payments, an 
explanation is necessary at this point. The total net effect comprises 
both direct and indirect effects of project installation zmd direct ef­
fects of project operation. In this study, the indirect effects (B^) 
of project operation are omitted since most of the projects' outputs con­
sisting of sugar and rice will be exported. Consequently, import substi­
tution or replacement for these two commodities is inapplicable in the 
Guyana context. However, it is assumed that the central government will 
adopt measures to curb inflationary pressures throughout project life. 
Symbolically, the total net effect (TNE) is expressed as: 
TNE = aB, + BL + B^ 
wnerè 
a = capital recovery factor; 
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= direct and indirect effects of project installation = 
K - mz (l-nu)K; 
ïR^K = investment component in foreign currency; 
K = fixed investment; 
m = marginal propensity to import; 
z = investment multiplier; 
(l-m^)K = investment component in domestic currency; 
Bg = direct effects of project operation = e(l-mp)X -
cmp X + g(mp'-mp)X; 
e = proportion of production exported; 
mp = marginal ratio between project imports and outputs; 
X = gross output; 
c = proportion of production for increased domestic use; 
g = proportion of production replacing current consumption; 
mp' = import substitution or replacement; and 
e + c + g = 1 
The foregoing expression is used with the rest of the SMP cri­
terion on page 162 when there is no discounting of the time flows of 
output, costs and investment. Instead, the ultimate annual out­
put and costs of the project at full development is used. Table 21 
provides the basic data for the calculation of the SMP criterion in the 
major drainage and irrigation projects. Inasmuch as there are dif­
ferences among the projects' gestation periods, their relative 
homogeneity aids the analysis. The Cam je and Mahaica-Mahaicony-
Abary projects have a gestation period of 25 and 16 years respectively 
Table 21. Basic data for the calculation of the social marginal productivity of investment in 
drainage and irrigation projects (in million Guyana dollars) 
Project 
V = X + E - M ^  C = L + M ^ + 0  C o e f f i c i e n t s  
K  V  X E M .  C  L M ,  O m . m  s  z  e  m p  c  1 a 1 
Tapakuma 27.0 9.3 10.3 - 1.0 1.3 0.3 0.2 0.8 0.64 0.30 0.40 1.43 0.80 0.10 0.20 
Black Bush 55.0 21.7 27-4 - 5.7 3.0 0.5 0.7 1.8 0.55 0.30 0.40 1.43 0.80 0.21 0.20 
Mahaica-
Mahaicony-
Abary 280.0 77.3 109.4 - 32.1 29.5 7.5 5.2 16.8 0.85 0.30 0.40 1.43 0.80 0.29 0.20 
Canje 582.0 124-8 164.1 - 39.3 34.5 12.7 15.3 6.5 0.90 0.30 0.40 1.43 0.80 0.24 0.20 
^Sources (5; 26; 27; 28; 105; 106) computed 
"^KEY; 
K = project fixed investment 
V = domestic social value added 
X = gross output 
E = externalities 
= imported materials 
C = total costs of domestic inputs 
L = labor costs 
= domestic materials 
O = overhead costs 
m^ = proportion of investment requiring imports 
m = marginal propensity to import 
s = marginal propensity to save 
2 = investment multiplier 
e = proportion of production exported 
mp = marginal ratio between project imports and 
outputs 
c = proportion of production for increased 
domestic use. 
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before reaching full development. Similarly, the Tapakuma and Black Bush 
projects have 10 and 8 years respectively to attain full development. 
These lags in projects' attainment of full benefits are considered over 
the 50-year economic life of each project. 
The magnitude of the SMP criterion and its components when there 
is no discounting of the time profile of output, costs and investment are 
shown in Tables 22 and 23. It is significant to note that the incorpo­
ration of the balance-of-payments effects in the SMP is responsible for 
a change in the ranking of the projects as compared to that obtained 
under the BCR criterion. The large projects, Mahaica-Mahaicony-Abary 
and Canje, which have a substantial foreign exchange conçonent now have a 
relatively lower ranking on the SMP basis as opposed to the BCR criterion. 
The economy's heavy dependence on international sources for investable 
funds to finance the projects creates leakages in the income stream, a 
proportion of which is devoted to loan repayment purposes. 
On the other hand, when the time profile of output, costs and 
investment is discounted at a predetermined interest rate, the SMP cri­
terion is expressed in present value terms. Mc Gaughey amd Thorbecke 
advocated this technique in the evaluation of Peruvian irrigation 
projects (55; 56). The SMP criterion, consisting of the social 
profitability ratio and the balance-of-payments effects of project 
operation and investment, is expressed as; 
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Table 22. Social marginal productivity of investment by components 
: in drainage and irrigation projects* 
Ratio 
Project SMpb 
Capital 
turnover 
V 
K 
Cost 
Ç 
K 
Value 
added 
V-C 
K 
Balance-of-payments 
premium 
B(0.18) 
K 
Tapakuma 0.44 0.45 0.05 0.40 0.04 
Black Bush 0.65 0.65 0.05 0.60 0.05 
Mahaica-
Mahaicony-
Abary 0.52 0.55 0.07 0.48 0.04 
Can je 0.36 0.38 0.04 0.34 0.02 
^Source: (5; 26; 28; 106) computed. 
^Calculated at a foreign exchange rate of 118.0 percent of the 
official rate and at market wage rate. 
Table 23. Social marginal productivity of investment by cMoponents in 
drainage and irrigation projects^ 
Ratio 
Capital Value Balance-of-payments 
Project SMpb turnover Cost added premium 
V C V-C B{0.40) 
K K K K 
Tapakuma 0.58 0.52 0.04 0.48 0.10 
Black Bush 0.81 0.74 0.05 0.69 0.12 
Mahaica-
Mahaicony-
Abary 0.61 0.62 0.10 0.52 0.09 
Can je 0.44 0.43 0.05 0.38 0.06 
^Source; (5; 26; 28; 106) computed. 
'^Calculated at a foreign exchange rate of 140.0 percent of the 
official rate and a wage rate of 80.0 percent of the market rate. 
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where 
K* = present value of fixed investment; 
V* = present value of domestic output; 
C* = present value of domestic costs; 
X* = present value of gross output; 
(V-C)* = present value of domestic income or value added; 
B*r 
= balance-of-payments effects; 
B* = aB* + B* 
a = capital recovery factor; 
B* = present value of direct and indirect effects of project 
installation = muK* - raz(l-m^)K*; and 
B^ = present value of direct effects of project operation = 
e(l-mp)X* - cmp X* + g(mp'-mp)X*. 
In this analysis each of the above values is discounted at a 9.0 
percent interest rate over the 50-year economic life of the projects. 
Tables 24 and 25 provide the basic components for the calculation of the 
SMP criterion in the comprehensive drainage and irrigation projects. 
Again, there is a change in project ranking as con^red to that obtained 
under the BCR criterion. The inclusion of the balance-of-payments 
effects is responsible for this chainge, and there is am improvement in 
the SMP value as the shadow rates of foreign exchange and labor are 
applied. However, when the balance-of-payments premium, r, increases 
there is a decline in project ranking becsuss of leakages to rasst 
project financial obligations to international lending agencies. 
These leakages, as amortization payments for financing projects, 
Table 24. Social marginal productivity of investment by components in drainage and irrigation 
projects^ 
Proj set 
SMP*^ 
Capital 
turnover 
V* 
K* 
Cost 
çi 
K* 
Value 
Added 
(V-CO*) 
K* 
Balance-of-payments 
premium 
B*{0.18) 
K* 
Tapakuma 0.40 0.41 0.05 0.36 0.04 
Black Bush 0.68 0.68 0.05 0.63 0.05 
Mahaica-
Mahaicony-
Afcary 0.47 0.55 0.11 0.44 0.03 
Can je 0.33 0.38 0.06 0-32 0.01 
^Source: Computed. 
^Calculated at a foreign exchange rate of 118.0 percent of the official rate and at 
maiTket wage rate. 
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Table 25. Social marginal productivity of investment by components in 
drainage and irrigation projects^ 
Ratio 
Capital Value Balance-of-payments 
turnover Cost added premium 
C^ (V-C) * B*(0.40) 
K* K* K* K* 
Tapakuma 0.58 0.52 0.04 0.48 0.10 
Black Bush 0.71 0.74 0.05 0.69 0.02 
Mahaica-
Mahaicony-
Abary 0.59 0.62 0.10 0.52 0.07 
Canje 0.61 0.43 0.06 0.37 0.24 
a 
Sour ce ; Computed. 
^Calculated at a foreign exchange rate of 140.0 percent of the 
official rate and a wage rate of 80.0 percent of the market rate. 
will become an integral part of the public debt which has to be 
analyzed against the capacity of the Guyanese economy to tolerate 
large-scale expenditures on drainage and irrigation projects. The 
current public debt is G$823.5 million with debt charges of G$63.7 
million (2, pp. 90-95). The simultaneous implementation of the 
Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje projects 
with an estimated capital cost of G$944.0 million will substantially 
increase this debt. Nevertheless, a right combination of trade and 
inonetary policies can ensure the full use of douiestie capacity by 
not permitting the effective competition of foreign goods to swamp 
the level of domestic output. Balance-of-payments problems can only 
arise when there is too much of foreign resources and not enough use 
Projects SMP*^ 
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of domestic capacity. The present thrust of self-reliance in Guyana 
using domestic resources both material and human to the fullest ex­
tent is a step in the right direction. 
The next section deals with a sensitivity analysis of the 
selected projects which could be useful to Guyanese policymakers in 
the field of water resource development. 
E. Sensitivity Analysis 
This type of analysis, like the benefit-cost, internal rate of 
return, and social marginal productivity of investment criteria, 
is often employed in project evaluation. It attempts to ascertain 
the sensitivity of a project to changes in key variables such as 
output, price, income, employment, value-added and foreign exchange 
(48). For instance, if a very small change in the quantity of price 
of cui input or output wipes out the present value, then a project is 
marginal. When data constraints, too, inhibit the practical use of 
a general equilibrium model, the project évaluator has to rely on a 
sensitivity analysis in dealing with uncertainties, risks and un-
quantified values. 
All economies face the basic constraints on the availability of 
resources and the possibilities for their technological transformation. 
Resources are scarce and competitive in their uses toward satisfying 
societal wants which are relatively free from moral connotations. 
The price mechanism in a perfect market tends to efficiently allocate 
scarce resources among the many lines of production competing for them 
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and distribute scarce goods among consumers (10; 29). Three important 
resources, labor, capital and foreign exchange, however, on account 
of imperfect markets, particularly in a developing economy, may not 
truly reflect their marginal value productivities. Shadow pricing 
becomes necessary and depends on the interaction of the fundamental 
policy objectives and the basic resource availabilities. Shadow 
prices are simply the value of the contribution which any marginal 
change in the availability of commodities or factors or production 
makes to a country's social and economic objectives (17; 48). 
A sensitivity euialysis is a technique used in project evaluation. 
It incorporates shadow prices for labor, capital and foreign ex-
chemge and accepts the shadow wage as less than the market wage, 
the shadow interest rate as higher than the market rate and the 
shadow exchange rate as higher than the market exchange rate. In this 
analysis, the shadow prices follow these three guidelines. 
The sensitivity analysis consists of the systematic variation 
of the project- coefficients, namely., the wage, foreign exchange and 
interest rates to measure the change in the net present value of 
benefits and costs and the resulting project priorities. The BCR 
(benefit-cost ratio) is subjected to the following range of shadow 
prices; for the wage rate, w, between zero and the market rate, 
0 £ VÎ £ IrO; for the foreign exchange fate, f, between the official 
rate and 0.4 times that rate, 1.0 f ^  1.4; and for the interest 
(discount) rate, i, between 9.0 and 15.0 percent per annum, 
0.09 < i < 0.15. The sensitivity of the SCR is achieved by introducing 
172 
alternative values to these coefficients within their specified 
limits. 
The number of possible combinations is extremely large in a 
sensitivity analysis. If the three coefficients, w, f, and i, have 
four values each, then there are 64 possible combinations for 
analytical purposes. Even with computer facilities the range of 
combinations of key variables constrains the project evaluator. 
Thus, it is prudent to limit the range of possibilities for the 
shadow rates in order to present policymakers with a meaningful 
sensitivity analysis. 
The BCR of each major drainage and irrigation project is 
computed by systematic variation of the wage, foreign exchange and 
interest rates within the above limits. Symbolically, 
BCR = g^(w) 
BCR = ggtf) 
BCR = g^fi) 
BCR = g^(w, f, i) 
subject to 
I B^(l+i) V Z C^(l+iP. 
t=0 t=0 
Of significant importance to the functions, g^, and g^, which are 
calculated at different rates is the discount or interest rate. 
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1. Discount rate 
This rate plays a significant role in discounting the stream of 
project benefits and costs and in determining project acceptance or 
rejection. A high discount rate leads to the rejection of large 
capital intensive projects, but a low rate improves project rankings 
and acceptance. Figures 1 and 2 show the sensitivity of the 
BCR to unadjusted and adjusted income. The Tapakuma, Black Bush, 
Mahaica-Mahaicony-Abary and Canje projects have a favorable BCR or 
a positive net present value at a discount rate of 9.0 percent. 
At a discount rate of 15.0 percent only the Tapakuma project, apply­
ing unadjusted net income, is economically feasible. All the projects, 
applying adjusted net income, are economically infeasible at this 
rate. 
Therefore, policymakers in the field of water resource develop­
ment should employ a set of interest or discount rates in evaluating 
their program and in selecting projects. A low rate of interest 
used in feasibility studies always yields a favorable BCR. Further­
more, there may be political or social factors which may outweigh the 
economic consequences of a project. An urgent agrarizm reform, for 
instance, aimed at stimulating agricultural and national economic 
development may rank high in a policymaker's preference function 
irrespective of a project's potential economic performêince. In this 
case, political considerations and the policymaker's subjective 
rate of time preference become the criteria Sor project acceptance. 
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Interest Rate 
T = Tapakuma 
BB = Black Bush 
MMA = Mahaica-Maljaicony-Abary 
C = Canje 
Figure 1- Benefit-cost ratios using unadjusted project net income 
at alternative interest rates, drainage and irrigation 
projects 
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2. Foreign exchange 
Like the discount rate, the foreign exchange rate is also im­
portant in a sensitivity analysis. Systematic variation of this 
rate between the limits of 1.0 and 1.4 yields different results. 
Figures 3, 4and 5 show the results of three tests of the foreign 
exchange coefficient, f, at interest rates of 9.0 and 12.0 and 15.0 
percent respectively. At these rates the economic performance of each 
project is positively related to the exchange rate. When f is 1.4 
the BCR of each project increases substantially because the projects' 
outputs, mainly rice and sugar, are export-oriented in steady markets. 
When f is 1.18 the BCR of each project is again higher for analogous 
reasons than that obtained when f equals 1.0. 
As the interest rates increase within the range of 9.0 cuid 15.0 
percent, the BCR of each project progressively declines. "Hie 
relative project rankings remain invariant because of the interaction 
of projects' foreign-currency cost and foreign-exchange earning 
components. At the 9.0 percent interest rate as shown in Figure 3 
all the projects are economically feasible, that is, their respective 
BCR is greater than unity. 
According to Figure 4, at the 12.0 percent interest rate the 
Tapakuma, Canje and Black Bush projects are economically feasible 
when f is between 1.40 and 1.18. At this same rate (Figure 2), 
the Black Bush project is economically infeasible but the use of 
a shadow exchange rate in excess of the market rate nw: makes this 
project feasible. The Mahaica-Mahaicony-Abary project remains at the 
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Figure 3. Benefit-cost ratios using adjusted net income at alterna­
tive foreign exchange rates and at 9.0 percent interest 
rate, drainage and irrigation projects 
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uneconomically acceptable region, that is, it has a BCR less than 
unity. 
At the 15.0 percent interest rate, as illustrated in Figure 5, 
only the Tapakuma project has a BCR greater than unity when the 
shadow foreign exchange adjustment coefficient, f, is 1.4 times 
the official market rate. The Black Bush, Mahaica-Mahaicony-Abary 
and Ccinje projects are infeasible throughout all values of the 
exchange rate. 
The planning authorities, therefore, have to be careful in 
choosing the shadow exchange rate. The Guyana dollar, having severed 
ties with the pound sterling, has a new vitality vis-à-vis 
the United States dollar. Nonetheless, if the United States experiences 
chronic balance-of-payments difficulties, then the devaluation of 
the dollar is inevitable. The Guyana dollar will consequently ex­
perience a similar fate although Guyana may not be experiencing 
chronic balance-of-payments problems. Based on productivity, it is 
better to have a freely-fluctuating exchange rate or a reformed 
monetary system. 
3. Wage rate 
Moreover, the introduction of shadow wage rates increases the 
BCR of each project by dampening the effect of a high interest rate 
on the feasibility of projects. Figures 6, 7, and 8 show the results 
of three separate tests of the shadow wage coefficient, w, at interest 
rates of 9.0, 12.0 and 15.0 percent respectively. At these rates 
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Figure 5. Benefit-cost ratios using adjusted net income at alternative 
foreign exchange rates and at 15.0 percent interest rate, 
drainage and irrigation projects 
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Figure 6. Benefit-cost ratios using adjusted net income at alterna­
tive wage rates and at 9.0 percent interest rate, drainage 
and irrigation projects 
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Figure 7. Benefit-cost ratios using adjusted net income at alterna­
tive wage rates and at 12.0 percent interest rate, 
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Wage (% of market wage) 
T = Tapakuma 
BB = Black Bush 
MMA = Mahaica-Mahaicony-Abary 
C = Canje 
Figure 8. Benefit-cost ratios using adjusted net income at alterna­
tive wage rates and at 15.0 percent interest rate, 
drainage and irrigation projects 
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there is an inverse relationship between the BCR cuid w, for at a low 
wage rate, the BCR increases; at a high wage, it decreases. 
In Figure 6, the Tapakuma, Black Bush, Mahaica-Mahaicony-Abary 
and Canje projects are economically feasible at the 9.0 percent 
interest rate since their respective BCR is greater than unity. 
Again, the project rankings are invariant to changes in the shadow 
wage because all the projects are highly capital intensive. 
At the 12.0 and 15.0 percent interest rates, as illustrated 
in Figures 7 and 8, the project rankings differ slightly with the 
Canje project taking second position vice Black Bush. The Tapakuma 
and Canje projects are feasible (Figure 7) at 12.0 percent interest 
rate within the shadow wage range of 80.0 and 100.0 percent of the 
market wage. The Tapakuma project, in addition, is the only feasible 
project (Figure 8) within the shadow wage range of zero and 50.0 
percent of the market wage. The Mahaica^Mahaicony-Abary project re­
mains within the uneconomic range, that is, with a BCR less than 
its capital intensity and proposed crop-mix. 
4. Combined rates 
To sharpen the sensitivity analysis, the three variables, the 
discount rate (i), the wage rate (w), and the foreign exchange rate 
\t/ i ajTs now VciricCt suriuluânôcuoxy* FxçurcS 9, 10, 11 ânâ 12 sucw 
the results of four tests at interest rates of 9.0, 12.0 and 15.0 
percent respectively. In Figures 9, 10, and 11 a shadow wage of 
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Figure 9. Benefit-cost ratios using adjusted net income at alterna­
tive exchange rates, with wage rates equal to 80.0 per­
cent of market wages and at 9.0 percent interest rate, 
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Figure 10. Benefit-cost ratios using adjusted net income at alterna­
tive exchange rates, with wage rates equal to 80.0 percent of 
market wages and at 12.0 percent interest rate, drainage 
and irrigation projects 
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80.0 percent of the market wage is applied while in Figure 12 both 
market and shadow rates are applied. 
From Figures 9, 10 and 11 it is noticeable that as the interest 
rates increase the functions shift downward reflecting a heavier 
discounting of long-term benefits. At the 9.0 percent interest rate, 
the Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje projects 
(Figure 9) have a higher BCR and are economically feasible. At the 12.0 
percent interest rate, the Tapakuma, Canje and Black Bush projects 
(Figure 10) are within the acceptable economic range, that is, with a 
BCR greater than unity, while the Mahaica-Mahaicony-Abary project is below 
this range. Again, at the 15.0 percent rate, Tapakuma (Figure 11) 
is only feasible between 118.0 and 140.0 percent of the foreign ex­
change rate while the others are infeasible. The projects are posi­
tively affected by the shadow rate adjustments. 
In Figure 12, the BCR of each project increases significantly 
at shadow rates relative to market rates. The project rankings 
remain essentially the same when the shadow adjustments are applied. 
The capital intensity of the major drainage and irrigation projects 
coupled with their foreign-currency cost and foreign-exchange 
earning components effectively limits wide fluctuations in the BCR 
of each project. 
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F. Macroeconomic Analysis 
The final section of this chapter focuses on the application of 
a macroeconomic formulation, explicated in Chapter III, to the 
selected drainage and irrigation projects. The model deals with the 
basic national economic objectives of aggregate consumption, regional 
distribution of income and distribution of income to small farmers. 
These objectives are consistent with those enunciated in Guyana's 
second development plan 1972-1976 (53). 
At the outset it is apt to note that the present analysis fol­
lowing United Nations guidelines (109) will only deal with first 
approximations of the foregoing national economic objectives because 
of data deficiencies. Nevertheless, it is hoped that this analysis 
would be useful to Guyanese policymakers in the field of water re­
source development since it is an attempt to provide an economic 
evaluation of the nation's major drainage and irrigation projects. 
In regard to the aggregate consumption objective, the analysis 
assesses benefits and costs under the assumption that market prices 
adequately reflect social opportunity costs emd that the employment 
objective is subservient to output creation. Thus, the market value 
of project net aggregate consumption benefits (MC) in any given 
year is defined as follows: 
MC = (1) + (2) - (3) - (4) - (5) - (6) - (7) 
where 
(1) = agricultural output; 
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(2) = housing and social services; 
(3) = construction costs; 
(4) = operating costs; 
(5) = farmer agricultural costs; 
(6) = ministry agricultural costs; and 
(7) = agricultural income foregone. 
Tables 26 and 27 present the benefit, cost and transfer flows 
at market prices for the Tapakuma and Black Bush projects. Using 
these prices and a social discount rate of 9.0 percent, the present 
value of net aggregate consumption benefits, MC, is positive. 
The projects respectively have an MC of G$1.4 million and G$3.6 
million. The magnitude of MC is affected by the inclusion of im­
ported input costs and positive costs for farmer labor. In the 
feasibility studies farmer labor is assumed to have zero costs (5; 
26; 28; 106). 
Similarly, Tables 28 and 29 show the benefit, cost and trans­
fer flows at market prices for the Mahaica-Mahaicony-Abary and Canje 
projects. Using market prices and a social discount rate of 9.0 
percent, the present value, MC, turns out to be negative for both 
projects. Each has a negative MC of G$50 million which is largely 
due to the capital intensity of projects and the inclusion of imported 
input costs and positive costs for farmer labor. As explained in 
Chapter IV, these projects have a significant foreign currency cost 
component which creates leakages in the domestic economy and thus limits 
Table 26. Benefit, cost and transfer flows at market prices, Tapakuma 
project (in thousand Guyana dollars)^ 
Component 
0 1 2 3 4 5 
Benefits 
(1) Agricultural output 528. 3 1054.0 1583.8 2109. 5 2637. 3 
(1-D) Domestic currency 264. 1 527.0 791.9 1054. 7 1318. 6 
(1-F) Foreign exchange 264. 1 527.0 791.9 1054. 8 1318. 7 
(2) Housing and social 
services — -
Costs 
(3-4,6-7) Construction 9954. 1 243. 0 336.3 429.0 522. 1 615. 0 
(3-L,-S) Labor 2488. 8 60. 8 84.0 107.2 130. 5 153. 5 
(3-D) Domestic materials 1055. 0 25. 7 35.7 45.5 45. 4 65. 4 
(3-F) Foreign exchange 6410. 3 156. 5 216.6 276.3 336. 2 396. 1 
(5) Agricultural costs - 184. 8 368.6 554.4 737. 4 923. 3 
(S-lf) Farmer costs° - 132. 0 263.2 396.0 527. 4 659. 3 
(5-F) Foreign exchange - 52. 8 105.4 158.4 210. 0 264. 0 
Transfers 
(8) Compensation to 
land owners - - - - - — 
(9) Drainage and irri­
gation rates 400. 0 400.0 400.0 400. 0 400. 0 
(10) Interest payments 
^Source: (5; 26; 28; 105) computed. 
^Includes operating and ministry agricultural costs (4), (6), (7). 
^Includes family and hired labor and domestic materials. 
6 7 8 9 10 11-50 
2669.9 2703.5 2736.1 2769.6 2803,1 2803.1 
1334.8 1351.5 1368.0 1384.8 1401.5 1401.5 
1334.9 1351.5 1368.1 1384.8 1401.6 1401.6 
465. 0 465. 0 465. 0 465.0 465.0 465.0 
116. 2 116. 2 116. 2 116.2 116.2 116.2 
49. 3 49. 3 49. 3 49.3 49.3 49.3 
299. 5 299. 5 299. 5 299.5 299.5 299.5 
934. 4 946. 0 959. 0 969.4 981.3 981.3 
667. 4 676. 0 684. 0 692.4 701.0 701.0 
267. 0 270. 0 275. 0 277.0 280.3 280.3 
400. 0 400, 0 400. 0 400.0 400,0 400.0 
Table 27. Benefit, cost and transfer flows at market prices, Black 
Bush project (in thousand Guyana dollars)& 
Component 0 1 2 
-- t— 
3 4 5 
Benefits 
(1) Agricultural output — - 296 3139 5979 8822 
(1-D) Domestic currency - - 148 1569 2989 4411 
(1-F) Foreign exchange - - 148 1570 2990 4411 
(2) Housing and social 
services — - - — — — 
Costs 
(3-4, 6-7) Construction 19183 27059 24806 847 847 847 
(3-L,-S) Labor 4796 6765 6202 212 212 212 
(3-D) Domestic materials 3837 5412 4961 169 169 169 
(3-P) Foreign exchange 10550 14882 13643 466 466 466 
(5) Agricultural costs - - 104 1099 2093 3088 
(5-L^) Farmer costs® - - 74 785 1495 2206 
(5-F) Foreign exchange - - 30 314 598 882 
Transfers 
(8) Compensation to 
landowners - - - - - -
(9) Drainage and irrigation 
rates — - 750 750 750 750 
(10) Interest payments - - - - - -
^Source: (5; 26; 28; 105) computed. 
^Includes operating and ministry agricultural costs (4), (6), (7). 
^Includes fsziily and hired labor and domestic materialsr 
on loan approval. 
_6 
11665 
5832 
5833 
847 
212 
169 
466 
4083 
2916 
1167 
750 
195 
7 8-50 
14211 14211 
7105 7105 
7106 7106 
697 697 
174 174 
140 140 
383 383 
4976 4976 
3553 3553 
1421 1421 
750 750 
Table 28. Benefit, cost and transfer flows at market prices, Mahaica-
Mahaicony-Abary project (in thousand Guyana dollars)^ 
Component — 
0 1 
J.:—L- J-
2 3 4 
Benefits 
(1) Agricultural output - 3976 7953 11930 15907 
(1-D) Domestic currency 
- 1670 3340 5011 6681 
(1-P) Foreign currency - 2306 4613 6919 9226 
(2) Housing and social services 
-
-
- -
— 
Costs 
(3-4„6-7) Construction 23329 23330 23329 23330 23329 
(3-L,-S) Labor 3033 3033 3033 3033 3033 
(3-D) Domestic materials 466 467 466 467 466 
(3-F) Foreign exchange 19830 19830 19830 19830 19830 
(5) Agricultural costs - 1392 2785 4175 5578 
(5-L^) Parmer costs° - 994 1988 2982 3977 
(5-F) Foreign exchange 
- 398 795 1193 1591 
Transfers J 
(8) Compensation to landowners a 4205 - - -
(9) Drainage and irrigation rates - - - - - ,  
(10) Interest payments® -
- -
-
-
^Source: (5; 26; 28; 105) computed. 
jj 
Includes operating, sugar factory and ministry agricultural 
costs (4), (6), (7). 
Includes family and hired labor and domestic materials. 
"Subsumes in construction costs. 
^Depends on loan approval. 
197 
5 6 7 8 9 10 11 12 13 
19884 23861 27838 31815 35792 39769 43746 47723 51699 
8352 10022 11692 13362 15032 16703 18373 20044 21714 
11532 13839 16146 18453 20760 23066 25373 27679 29985 
23330 23329 52505 52504 52504 52504 66183 16646 16646 
3033 3033 6825 6825 6825 6825 6604 2164 2164 
467 466 1051 1050 1050 1050 3323 333 333 
19830 19830 44629 44629 44629 44629 56256 14149 14149 
6959 9351 9743 11136 12527 13969 15311 16703 18095 
4971 5965 6959 7954 8948 9992 10936 11930 12925 
1988 2386 2784 3182 3579 3977 4375 4773 5170 
1600 1600 1600 
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Table 28 (Continued) 
Project year 
14 15 16-50 
Benefits 
(1) Agricultural output 55675 59651 59651 
(1-D) Domestic currency 23383 25053 25053 
(1-F) Foreign currency 32292 34598 34598 
(2) Housing and social seirvices - - -
Costs 
(3-4,6-7) Construction 
(3-L,-S) Labor 
(3-D) Domestic materials 
(3-F) Foreign exchange 
(5) Agricultural costs 
(5-IjF) Farmer costs° 
(5-F) Foreign exchange 
16646 16646 16646 
2164 2164 2164 
333 333 333 
14149 14149 14149 
19487 20880 20880 
13919 14915 14915 
5568 5965 5965 
Transfers 
(8) Compensation to landowners - - -
(9) Drainage and irrigation rates 1600 1600 1600 
(10) Interest payments^ ^ Z -
Table 29. Benefit, cost and transfer flows at market prices, Canje 
project (in thousand Guyana dollars)^ 
Component 
0 1 2 3 4 5 
Benefits 
(1) Agricultural output - 3654 7310 10964 14620 18275 
(1-D) Domestic currency - 1754 3509 5263 7018 8772 
(1-F) Foreign currency - 1900 3801 5701 7602 9503 
(2) Housing and social 
services - - - — - — 
Costs 
(3-4,6-7) Construction 23275 23275 23275 23275 23275 23275 
(3-L,S) Labor 1397 1397 1397 1397 1397 1397 
(3-D) Domestic materials 930 930 930 930 930 930 
(3-F) Foreign exchange 20948 20948 20948 20948 20948 20948 
(5) Agricultural costs - 1279 2558 3837 5117 6397 
(5-L^) Farmer costs^ - 914 1827 2741 3655 4569 
(5-F) Foreign exchange - 365 731 1096 1462 1828 
Transfers 
(8) Compensation to landowners -
(9) Drainage and irrigation 
rates 
(10) Interest payments'^ 
^Source: (5; 26; 28, 105) computed. . 
^Includes operating and ministry agricultural costs (4), (6), (7) 
^Includes family and hired labor and domestic materials. 
d 
Depenas on loan approval. 
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6 7 8 9 10 11 12 13 14 15 
21930 
10526 
11404 
25585 
12281 
13304 
29240 
14035 
15205 
32895 
15790 
17105 
36550 
17544 
19006 
39204 
18818 
20386 
43859 
21052 
22807 
47714 
22903 
24811 
50738 
24354 
26384 
54813 
26310 
28503 
27036 27036 27036 27036 27036 27036 27635 27635 27635 27635 
1622 1622 1622 1622 1622 1622 1658 1658 1658 1658 
1082 1082 1082 1082 1082 1082 1105 1105 1105 1105 
24332 24332 24332 24332 24332 24332 24872 24872 24872 24872 
7675 8880 10234 11514 12795 13721 15348 16699 17758 19184 
5482 6321 7310 8224 9140 9801 10962 11928 12684 13703 
2193 2559 2924 3290 3655 3920 4386 4771 5074 5481 
Table 29 (Continued) 
Component 
Benefits 
(1) Agricultural output 
(1-D) Domestic currency 
(1-F) Foreign currency 
(2) Housing and social services 
Project yeeur 
16 17 18 19 20 
58478 62133 65788 69443 73098 
28070 29824 31578 33333 35087 
30408 32309 34210 36110 38011 
Costs 
(3-4,6-7) Construction 27635 27635 27635 27635 28086 
(3-1., S ) Labor 1658 1658 1658 1658 1685 
(3-D) Domestic materials 1105 1105 1105 1105 1105 
(3-F) Foreign exchange 24872 24872 24872 24872 25277 
(5) Agricultural costs 20467 21746 23026 24304 25584 
(5-lF) Farmer costs® 14619 15533 16447 17360 18274 
(5-F) Foreign exchange 5848 6213 6579 6944 7310 
Transfers 
(8) Compensation to landowners 
(9) Drainage and irrigation rates 
(10) Interest payments 
21 22 23 24 25-50 
76753 80408 84063 88718 91371 
36841 38596 40350 42585 43858 
39912 41812 43713 46133 47513 
28547 29008 29469 29939 6664 
1713 1740 1768 1796 400 
1142 1161 1179 1198 266 
25692 26107 26522 26945 5998 
26863 28143 29422 31051 36980 
19188 20102 21016 22179 27843 
7575 8041 18406 8872 9173 
- -
2000 2000 2000 
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the size of the net aggregate consumption benefits. 
Concerning the regional distribution objective, the total value 
of net regional consumption benefits in any given year is expressed 
as: 
if = DR^/d-k) 
where 
DR^ = value of net aggregate-consumption benefits redistributed 
to project region; and 
= regional-income multiplier. 
For the Tapakuma project, the present value of DR^ which has a 
functional relationship with MC is equal to G$15.8 million at a social 
discount rate of 9.0 percent. Using the SMP investment multiplier 
of 1.43 in Section D as an approximation of the regional multi­
plier, the regional distribution to Tapakuma is G$22.5 million. 
Analogously, for the Black Bush, Mahaica-Mahaicony-Abary and 
Canje projects the present value of DR^ at a social discount rate 
of 9.0 percent is G$83.4, G$328.6 and G$268.9 million respectively. 
Applying to these values again the SMP investment multiplier of 1.43 
as a proxy for the regional multiplier, the regional distribution to 
Black Bush, Mahaica-Mahaicony-Abary and Canje are G$119.3, G$469.B 
and G$384.5 million respectively. 
Value added to sugar production and rice production for trans­
portation, milling, storage and marketing together with increased 
employment for construction, operation and maintenance of project 
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facilities influences the magnitude of the regional distribution 
figures. The business sector, too, would benefit from project 
settlers' increased purchasing power and the Guyanese economy would 
secure through rice and sugar exports needed foreign exchange which 
could be used to ameliorate the conditions of underdevelopment among 
regions. There could be a challenge and response approach to 
development in project counties of Essequibo, Demerara, and Berbice. 
The foregoing figures are only first approximations of the 
regional distribution of income objective which provides a fertile 
area for further research. 
With respect to the distribution of income to small farmers, 
it is significant to note that the Tapakuma, Black Bush, Mahaica-
Mahaicony-Abary and Canje projects are an integral part of land and 
agrarian reform (114). These projects, designed to bring virgin land 
into beneficial utilization and to consolidate fragmented and un­
economic holdings, are part of the national strategy to intensify 
agricultural and economic development with the active participation 
of small farmers in cooperative ventures (63). 
Small farmers would be given leasehold land with renewal rights 
for farming and homestead purposes. It is envisaged that with the aid 
of state credit, adequate drainage and irrigation facilities and 
other supporting services, small farmers could have the means of 
economic citizenship (63). The land distribution in project areas 
would not benefit large farmers except those who would be compensated 
for their holdings. 
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Symbolically, the total value of net consumption benefits pro­
vided by a project to small farmers can be expressed as: 
= a[(l) - (5) + (5-L^) - (9) - 10] + b(2) - (c(7) 
where 
a = proportion of land held by small farmers in project area; 
b = proportion of small farmers in project area; 
c = proportion of annual net income from current cultivation; 
P (5-L ) = farmer costs; and 
(1), (2/, (5), (7), (9), (10) are defined as above in MC and Tables 
26 to 29. 
In this analysis the magnitudes of (2) and (7) take on zero 
values and small farmers hold 90.0 percent of the cultivated area. 
For the Tapakuma and Black Bush projects the present value of 
SF 
R at a social discount rate of 9.0 percent is G$4.2 and G$77.0 
million respectively. Similarly, for the Mahaica-Mahaicony-Abary 
and Canje projects it is G$100.2 and G$439.9 million respectively: 
The magnitudes of the present value of net consumption benefits 
provided by the Black Bush, Mahaica-Mahaicony-Abary and Canje 
projects to small farmers are over-estimated because no deduction 
has been made for interest payments on project loans. As mentioned 
in Chapter IV, these projects will need loan appro^l from inter­
national lending agencies. 
Furthermore, the drainage and irrigation rates, (9), are 
modestly estimated in line with the Guyana Drainage and Irrigation 
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Board practice. A "grace period" is allowed in the case of the 
Mahaica-Mahaicony-Abary and Canje projects for the levying of 
drainage and irrigation rates in view of their relatively long gesta­
tion periods. 
SF Again, the estimation of R is only a first approximation. 
There is need for additional investigation of project distribution 
of income to small farmers together with the other macroeconomic 
objectives. 
This section concludes the application of a macroeconomic for­
mulation to the major drainage and irrigation projects vis-à-vis 
the national economic objectives of aggregate consumption, regional 
distribution of income and distribution of income to small farmers as 
a constituent component of the overall evaluation of the selected 
projects. It is the task of the following chapter to deal with 
investment planning at the national, sectoral and project levels. 
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VI. INVESTMENT PLANNING AT THE NATIONAL, 
SECTORAL AND PROJECT LEVELS 
Of special significance to the previous chapter aire the conjoint 
relationships between project investment criteria and project invest­
ment planning at the national, sectoral and project levels. The ap­
plication of the benefit-cost, internal rate of return and social 
marginal productivity of investment criteria to the selected drainage and 
irrigation projects was executed, for expository purposes, independently 
of a budgetary constraint. Project formulation and evaluation are often 
done, as in the feasibility studies, in a piecemeal fashion without co­
herence to the national and sectoral objectives or targets. Project in­
vestment planning undertaken in such a manner does not yield optimal 
solutions because of a dichotomy between project evaluation and an 
integrated multiobjective approach. Multiobjective investment programming 
is likely to attain a more nearly optimal investment programs by designing 
projects and programs explicitly in terms of all relevant objectives, 
rather than by designing them in terms of a single objective, 
and then taking other objectives into account with ad hoc adjustments 
(51; 115). 
Consequently, the role of planning units within the relevant 
ministries or entities is crucial to the attainment of optimal in­
vestment programs. There may exist a number of designs, structural and 
nonstructural,, of projects which would contribute benefits and costs 
toward national and sectoral objectives. Therefore, planning and 
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decision-making agencies have to consider technologically feasible 
choices in raultiobjective analysis. These choices, in turn, have to 
be consistent with economically and institutionally feasible choices 
so that the attainment of optimal investment programs is possible. 
The development planning objectives for the Guyanese economy are 
specified and related to the investment criteria developed in Chapter 
III. This relationship is demonstrated in the present economic 
evaluation of the selected drainage and irrigation projects in the hope 
of aiding Guyanese policymakers. Initially, project priorities are 
undertaken on an ordinal basis. As relative weights are attached to 
the national and sectoral objectives, the cardinal measures of each 
project's contribution to these objectives are obtained in a similar way 
as the ordinal decision-making rule. The analysis also deals with 
project selection in relationship to the macroeconomic objectives and 
investment planning. 
A. Guyanese National and 
Sectoral Objectives 
The second Development Plan 1972-1976 for Guyana explicitly states 
the following economic objectives: 1) the creation of employment 
opportunities, 2) the realization of increased aggregate and per capita 
income, 3) the attainment of an equitable distribution of income, 4) 
the achievement of an equitable geographical distribution of economic 
activities, 5) the maintenance of balance-of-payments stability, and 
6) the establishment of the foundation for the attainment of self-
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sustained economic growth (63). The Plan also expects a gross domestic 
savings rate of about 30.0 percent and a substantial rise in the rate 
of net capital inflow in view of the urgency of the developmental task 
which interlaces political, institutional, technical, economic and 
sociological factors. 
If the savings targets and projected directions are realized, then, 
as the Plan contends, there would be far-reaching consequences in growth 
promotion, unemployment reduction and aggregate and per capita income 
increase in the respective magnitude of 8.5, 4.9 and 6.0 percent 
annually (63)- Toward this end-in-view the agriculture sector is expected 
to increase yields by about 4.0 percent per annum. The land base and 
peasant proprietorship in production - cooperatives aure also expected 
to increase as a constituent part of the strategy to attain self* 
sufficiency in food. 
Within the context of these national and sectoral objectives the 
major drainage and irrigation projects are evaluated as a means toward 
the achievement of the economic development goals. These goals for 
sirtçlicity and analytical convenience are now treated in this chapter 
under three basic macroeconomic objectives: 1) increased aggregate and 
per capita income, 2) improved balance-of-payments position and 3) 
reduced unemployment. The methodology promulgated by Marglin (54), 
and Mc Gaughey and Thorbecke (56) to incorporate these maoroeconomiG 
objectives is applied to Guyanese major drainage and irrigation 
prcjêcts. Xnvêstiriênt cntsria arê designsd to lusasurc each project's 
contribution to the foregoing objectives. In this way, Guyanese 
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policymakers could select project priorities which would fulfill 
national and sectoral objectives. 
In an organized society the political process largely determines 
the set of objectives. Policymakers, as elected representatives of 
the citizenry, reveal their preference functions through this mech­
anism. The project évaluator then has to treat the range of objectives 
as predetermined variables. These endogenous variables are divided into 
1) target variables which incorporate the policymaker's immediate 
preference function or objectives. Such variables may be either fixed 
or flexible. For example, a projected growth rate of 8.5 percent and 
more employment opportunities respectively represent fixed and 
flexible targets. 2) Irrelevant variables axe the economic phenomena 
which are referred to as side effects caused by changes in the means 
of economic policy (102). 
The exogenous variables, on the other hand, are divided into 
instrument variables which are under the policymaker's control and data 
which are not controllable. The former include interest rate, public 
outlay in cooperative ventures, capital investment in drainage and irri­
gation systems and other infrastructure, tax rates, rights in land 
holdings and jobs, resource organization, credit system, market and 
distribution system, resettlement system, and built-in stabilizers. 
The latter include input price, level of employment and income 
abroad, etc. 
Given the foregoing matrix of variables,- the economist has to 
treat the relative merits or demerits of the set of policy objectives. 
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To sharpen the policymaker's understanding of project investment planning 
vis-à-vis the national and sectoral objectives, the economist, as a 
technician, can introduce not only several objectives to determine the 
policymaker's preference or welfare function but also can reveal to 
him the economic consequences of alternative investment decisions. 
In Guyana the Planning Unit of the Ministry of Economic Develop­
ment is largely responsible for the design of economic development 
strategies in consonance with the present administration's ideology and 
philosophy. The main thrust of the People's National Congress (PNC) 
is the creation of a socialist society; 1) to secure and maintain through 
the practice of cooperative socialism, the interest, well-being and 
prosperity of all the people of Guyana, 2) to pursue the socialist ideal 
so that the people of Guyana own and control for their benefit the natural 
resources of the country, 3) to provide every Guyanese with the op­
portunity to work for and share in the economic well-being of the 
country and to ensure that there is equality of opportunity in the 
political, economic and social life of the country and 4) to pursue 
constantly the goal of national self-reliance (79; 80). The manifesta­
tion of this credo undoubtedly requires a unified will and the dedica­
tion of citizens in order to ensure the maintenance of a minimum 
"stability threshold" sufficiently dynamic to accommodate change at a 
magnitude and tempo necessary in realizing social progress and 
sustained economic growth. 
With respect to the national and sectoral objective of increased 
aggregate and per capita income (Y), it is necessary to realize 
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increases in the value of the output of goods and services so that 
households can have a reasonable standard of living. As projects 
contribute positively toward the national product and peasant 
proprietorship increases in project areas, it is likely that ag­
gregate and per capita income would rise over time. This is only 
possible if population growth does not outstrip economic growth. The 
BCR and SMP criteria provide practical guidelines to measure projects' 
relative contributions to the income objective. 
Table 30 gives the project values for BCR and SMP and a mean 
ordinal ranking of projects by these two criteria. The BCR values are 
computed at market and shadow prices while the SMP values are computed 
at a shadow foreign exchange rate of 140.0 percent of the 1974 official 
rate and a shadow wage rate of 80.0 percent of the market rate. 
From the table it is evident that the projects eure sensitive to shadow 
pricing when the combined investment criteria, BCR and SMP, are simul-^ 
taneously applied. The ordinal ranking of projects also differs when 
the ordinal ranking rule is invoked^ Under this rule the Black Bush 
project is ranked first. The Tapakuma, Canje and Mahaica-Mahaicony-
Abary projects are respectively ranked second, third and fourth. The 
last two projects' foreign currency component creates leakages in the 
domestic economy. 
Apart from the leakages, the low level of per capita income for 
the entire Guyanese population, as discussed in Chapter II, suggests 
that a significant proportion of the population does not have enough 
Table 30. investment criteria values and ordinal rankings, drainage and irrigation projects^ 
BCR SMP 
Project 
At 
market 
prices 
At 
shadow 
prices^ 
SMpb Value added 
(V-C) /K 
Balance-of-payment 
premium 
B(0.40)/K 
Mean 
ranking 
Ranking 
Taipakuma 1.70 1.92: 0.58 0.48 0.10 1.25 2 
Black Bush 1.55 1.78 0.81 0.69 0.12 1.30 1 
Mcihaica-Mahaicony-
Atiary 1.18 1.3T 0.61 0.52 0.09 0.99 4 
Ccin j e 1.52 1.80 0.44 0.38 0.06 1.12 3 
^Source: (26; 28) ccs^ute^^. 
^Discounted at 9.0 percent interest reite. 
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purchasing power to obtain the minimal requirements of a decent 
standard of living. This is inconsistent with the norms of economic 
development. Measured in 1971 dollars per capita income in 1974 was 
G$685 or US$361 while GDP was G$534 million or US$281 million (2; 
112). As projects contribute to employment creation and growth promo­
tion per capita income is expected to rise. During this process, 
domestic savings can be accelerated when output surpasses consumption and 
outflow, assuming simultaneous adjustments. Such savings together with 
net capital inflow can act as a catalyst to agricultural development 
and national economic development. 
With regard to the national and sectoral objective of improved 
balance-of-payments position (B), it is necessary to obtain a net 
surplus on either the current or capital account. The projects' 
main outputs of rice and sugar have the potential to contribute 
substantially to a healthy balance-of-^payments position, since the two 
commodities have "safe" markets and are subject to negotiated price ar­
rangements. The balance-of-payments effect of project investment is 
available from the B/K component of the SMP criterion and from the 
foreign exchange-investment (P/K) ratio properly discounted. The B/K 
ratio treats project direct and indirect costs and benefits. 
Table 31 gives the project values for the B/K, F/K and labor-
investment (L/K) ratios and a mean ordinal ranking of the first two 
ratios. The third ratio, L/K, will be discussed under the employ­
ment objective. It is intêïèstiny to uote froiTi the table that the 
combined investment criteria, B/K and F/K, substantially alter project 
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Table 31. Investment criteria component values and ordinal rankings, 
drainage and irrigation projects® 
Project B/K P/K L/K Mean 
ranking Ranking 
Tapakuma 0.25 0.07 0.10 0.16 4 
Black Bush 0.30 0.16 0.18 0.23 3 
Mahaica-
Mahaicony-
Abary 0.23 0.41 0.30 0.32 1 
Canje 
0.15 0.44 0.24 0.30 2 
^Source: (26; 28) computed. 
^Discounted at 9.0 percent interest rate. 
ordinal rankings. The Mahaica-Mahaicony-Abary and Canje projects are 
ranked first and second respectively. These two projects obtain such 
a ranking because of their foreign-exchange earnings forthcoming from 
sugar and rice sales. The Black Bush and Tapakuma projects are ranked 
third and fourth respectively. Tapakuma obtains this ranking because 
of its relatively sisall size and rice-orianted market. 
Furthermore, the maintenance of a stable balance-of-payments 
posture is of determinative importance to Guyana's agricultural and 
economic development. The country relies heavily on imported inputs 
such as machinery, fuel, fertilizers, pesticides, etc., for its 
development. It has to pay for these and other imports in foreign ex­
change. A dwindling of Guyana's international reserves can ultimately 
retard the development process by creating sectoral bottlenecks (2). 
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The world recession and cost-push inflationary forces have already 
had significant impacts on the domestic economy (65; 66). A case in 
point is that the prices of imported inputs such as machinery, fuel, 
fertilizers and construction items have doubled or quadrupled. More­
over, the Guyana dollar has already experienced the devaluation ef­
fects of the British pound sterling. Its "emancipation" from the 
pound sterling and alignment with the American dollar places Guyana in 
a comparatively favorable position to strengthen its foreign-exchange 
base by the sale of raw materials and semi-finished and finished 
products to the United States. There will be offsetting effects in this 
form of economic intercourse as Guyana increases trade relations with 
the United States. A recent World Bank report on the current economic 
position and prospects of Guyana reveals that Guyana is likely to have 
a payments gap in the forthcoming years of the present decade (116). 
Hence, an improved balance-of-payments position is vital to the 
development process in a world of specialization and interdependency. 
T+• ne 4"aeV am/I fichai r»r\l *1 r» 4 AC 
as instrument variables which will ensure adequate foreign exchange 
for the purposes of international trade and domestic development. 
Concerning the national and sectoral objective of reduced un­
employment (E), it is necessary to provide employment to the significant 
number of unemployed. This problem is associated with an inequitable 
distribution of income and is exacerbated by the larger numbers of un­
employed adults to be found in families with small incomes. Although a 
substantial proportion of the Guyanese people such as peasant farmers, 
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restaurant and other small shop owners, hair dressers, tailors and dress­
makers, motor mechanics and repairers are self-employed, the unemploy­
ment problem is still acute. It also has a spatial dimension in that 
the rural areas contain higher rates of unemployroent them the urban 
areas but in smaller magnitudes (63). The employment objective of 
project investment is available from the labor-investment (L/K) ratio 
which is shown in Table 31. 
From this table it is evident that the Mahaica-Mahaicony-Abary 
project has the greatest potential of providing employment opportuni­
ties particularly to the rural unemployed who live within the project 
ambit. This project currently undertaken by the Hydraulics Division of 
the Ministry of Agriculture is using local resources as far as possible 
to reduce the economy's dependence on external sources for its 
financing. The proposed establishment of a 50,000-ton sugar factory 
in the project area will require external financing and will subsequently 
provide employment for at least 1800 people. The Canje project, also, 
has the potential of generating significant employment opportunities. 
Similarly, the Black Bush and Tapakuma projects are expected to absorb 
a considerable proportion of the rural unemployed especially during 
project construction phases (26; 28). Taking employment to the rural 
unemployed will tend to reverse the trend of rural migration to the 
city and thus minimize attendant social problems like squatting, crime 
and family disorganization. 
Moreover, through backward and forward linkages the creation of a 
liuiuber of Gâîployiusrit oppoxtumtxes xs possible. Ths existing pool of 
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unemployed can then have gainful employment so that they can have the 
means of acquiring the basic necessities of life. An inequitable 
distribution of income is incompatible with the egalitarian society 
envisaged in the Development Plan. Hence, policymakers in under­
taking project investment planning must deal with the skewed distribu­
tion of income in the Guyanese society by providing employment for 
the unemployed estimated to be over 15.0 percent (66). A diversified 
economy will reduce the country's present dependence on bauxite and sugar 
and will tend to make full use of the abundant natural resources through 
hinterland development. Providing vocational and technical education to 
rural people is a step in the right direction of alleviating the 
acute unemployment problem. 
B. Project Priorities and the 
Macroeconomic Objectives 
In the previous section the ordinal rzmking scheme establishes 
project priorities according to the value of the appropriate invest­
ment criterion in relationship to the national and sectoral objectives. 
It is the purpose of this section to develop a cardinal ranking scheme 
which delineates the cardinal differences of projects according to the 
investment criteria relative to the macroeconomic objectives. The 
ratio of the value of each project's performance for any given invest­
ment criterion to the mean value of all projects for the same criterion 
is ccHiiputed to determine project priorities. Thus, for project p, the 
cardinal magnitude of each criterion, is obtained by taking the 
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arithmetic mean. For example, the BCR and SMP criteria for the selected 
drainage and irrigation projects can be symbolically stated as; 
n 
Z BClf/n 
p=l 
where 
BCR? = the value of BCR for project p; 
p = l,...,n projects (n=4 in the present analysis); 
n 
y SMpP/n 
p=l 
SMpP = the value of SMP for project p; 
p = l,.-.,n projects (n=4 in the present analysis); 
Similarly, the other relevant criteria (B/K), (P/K) and (L/K) are 
defined. 
In preinvestment studies it is typical to apply investment criteria, 
usually limited to BCR, in a unidimensional and partial manner. A 
favorable BCR typically determines project selection. To correct 
this dichotomy it is necessary to formulate a methodology permitting a 
quantitative evaluation and selection of projects, given the major 
policy objectives of the government = This methodology makes it pos­
sible to postulate a national preference function, including the 
iûâjor targets (56). For analytical convenience the preference function 
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is expressed as a linear function of the income (Y), balance-of-
payments (B) and employment (E) objectives delimited in the previous 
section. 
For each investment criterion relative to the macroeconomic ob­
jectives (Y),(B), (E), project priorities are established. Each 
project is assigned a value reflecting its relative position; the 
highest ranked project is assigned a value of one. The ranking 
continues in a descending order of magnitude until the last project 
is ranked fourth. Let Y^, and respectively represent the 
ranked position of project p for the income, balance-of-payments «md 
employment objectives. If these three macroeconomic objectives are 
weighted in the policymaker's preference function, then a weighted linear 
function, as a decision rule for project selection, can be defined as: 
= w^Y^ + WgB^ + WgE^ for the ordinal rule 
where 
Y^ = (1 
B^ = (1 
E^ = (1 f • • • ,4) 
4) 
4) 
P — (l,.../4) 
and 
^ = Wj^Y^ + WgB^ + for the cardinal rule 
where 
f • • • f 4); 
B? = (1 4); 
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= (1,...,4); 
p = (1,...,4); 
for the four projects and and represent the relative weights 
attached to the corresponding objectives so that = 1. 
When = Wg = the objectives are equally weighted. 
Table 32 shows the ordinal project rankings by macroeconomic ob­
jectives and cardinal measures of projects' contributions to these ob­
jectives. It is worthy to note from the table that project priorities 
differ slightly in regard to the income objective. Project priorities 
remain the same in regard to the balance-of-payments and enployment 
objectives which may be attributable to the size and capital intensity 
of projects. The cardinal measures of projects' contributions to the 
macroeconomic objectives differ too. 
Project priorities show marked differences when the ordinal and 
cardinal decision rules are simultaneously applied. Consider the four 
sets of weights contained in Table 33. If these weights represent the 
policymaker's preferences with respect to the macroeconomic objective*; 
then in the ranking alternative, the three objectives have an equal 
weighting. In the remaining ranking alternatives, R^ and R^, the 
three objectives, seriatim, have double weighting in the policy­
maker's preference function. For instance, the income objective in R^ 
is weighted twice as heavily as the balance-of-payments and employment 
objectives. In R^ and R^ these two objectives are alternatively 
weighted twice as much as the remaining objectives. 
On the basis of the information in Teibles 32 and 33 it is now 
Tcible 32. Ordinal project rankings by macroeconomic objectives Md cardinal measures of projects' 
contributions to macroeconomic objectives^ 
Income objective (Y) 
Balance-of-payments 
objective (B) En®>loyment objective (E) 
x'xcj ecu 
Ordinal Cardinal Ordinal Cardinal Ordinal Cardinal 
yP ÏP BP F EP F 
Tapakuma 2 1.04 4 0.68 4 0.48 
Black Bush 1 1.18 3 0.95 3 0.86 
Haha i ca-Mah<3ii cony-
Abary 4 0.90 1 1.26 1 1.43 
Canje 3 0.89 2 1.14 2 1.19 
^Source : -Computed. 
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Table 33. Alternative preference weights of the raacroeconomic ob-
jectives^ 
Ranking Weights 
alternatives 
^2 «3 W^+Wg+Wg = 1 
^1 .33 .33 .33 1.00 
^2 .50 .25 .25 1.00 
^3 .25 .50 .25 1.00 
^4 .25 .25 .50 1.00 
^Source; Computed. 
possible to apply simultaneously the ordinal and cardinal rules to the 
major drainage and irrigation projects, the results of which are pre­
sented in Table 34. Projects are listed by name in their ordinal 
ranking; their cardinal measure is given by the numerical value. It 
is indicative from Table 34 that project priorities relative to the 
macroeconomic objectives show marked differences. Under an equally 
weighted objective scheme (R^), the Canje project is ranked first. The 
Mahaica-Mahaicony-Abary, Black Bush and Tapakuma projects are respective­
ly ranked second, third and fourth. Under the weighted scheme, where 
the income objective is weighted twice as heavily as the balance-of-
payments and employment objectives, the Black Bush and Canje projects 
hold a superior position as opposed to the Tapakuma and Mahaica-
Mahaicony-Abary projects. Such a position is attributable to the 
optimal crop-mix programs in these schemes coupled with their topo­
graphical affinities and locational advantages. 
Table 34. Project priorities under alternative preference weights of the macroeconomic ob-
jectives, ordinal and cardinal methods^ 
*1 «2 *2 «3 «4 «4 
Can je 1.06 Black BusJh 1.05 Black Bush 1.00 Canje 1.03 
Mahaica-Mahaicony~ 
Abary 1.19 
Can je 1.04 Can je 1.10 Mahaica-Mahaicony 
Abary 1.25 
Black Bush 
Tapakuma 
0.99 
0.73 
Tapakuma 0.81 
Mahaica-iyiahaicony 1.13 
Abary 
Mahaica-Mahaicony 1.22 Black Bush 
Abary 
Tapakuma 0.72 Tapakuma 
0.97 
0.67 
^Sources Computed. 
225 
Furthermore, under the weighted scheme, where the balance-
of-payments objective is weighted twice as heavily as the income and 
employment objectives, the Black Bush and Canje projects again maintain 
a superior position as opposed to the Mahaica-Mahaicony-Abaury and 
Tapakuma projects. This is largely due to the crop-mix and con­
comitant advantages in the project areas. Finally, under the 
weighted scheme, where the employment objective is weighted twice 
as much as the income and balance-of-payments objectives, the Canje 
and Mahaica-Mahaicony-Abary projects are respectively ranked first and 
second. The projects' relative size and employment creation are mainly 
responsible for such priorities. It is expected that domestic resources, 
both physical and human, would be fully used during projects' imple­
mentation and development. The Black Bush and Tapakuma projects have 
third and fourth position respectively. 
In addition, the project priorities are sensitive to the ordinal 
decision rule and are marginally affected by the cardinal decision 
rule. Nevertheless, it is possible to conduct a parametric test of the 
sensitivity of the final ranking alternative R^(w^, Wg, w^) to varia­
tions in the welfare weights. Multiobjective investment programming 
is likely to attain more nearly optimal investment programs (51). There­
fore, policymakers must be cognizant of the project outcomes under 
alternative prèfèrëïice weights of the ûacroecorioïûic objectives before 
making project selection, implementation and development. A rational 
approach to project investment planning is always preferred to ad hoc 
and unintegrated planning. 
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C. Project Selection and the 
Investment Program 
Thus far the analysis has proceeded on the premise of an unlimited 
investment budget. In the absence of national parameters the analysis 
has attempted to establish project priorities through investment cri­
teria vis-à-vis the macroeconomic objectives without loss of continuity. 
Nonetheless, an investment budget acts as a constraint on the imple­
mentation of projects. Projects compete for scarce investment funds 
like other investment opportunities. 
Accordingly^ project selection has to be based on a well-
determined investment program or policy. The year-to-year method of 
budgeting public investments for water resource development projects in 
Guyana is relatively short. A quantitative assessment of expenditures 
covering the immediate future years can ensure efficient and even in­
vestment. Constant revision of the country's economic development plan 
is a prerequisite to the attainment of this objective. It is typical 
to find investment budgets for drainage and irrigation, sea defense, 
land development and ancillary works completely exhausted before the 
end of the fiscal year (66). Supplementary budgets then become 
necessary, and to avoid their regular occurrence, project selection at 
the microeconomic level has to be integrated with a clear-cut invest­
ment program at the macroeconomic level. It is uneconomic to allocate 
scarce resources to drainage and irrigation projects ;^ich do not have 
a positive social value. However, political and social factors may 
influence the selection of uneconomic projects in order to fulfill 
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"merit" wants. These are wants the government deems necessary for 
the physical and social well-being of the people. 
The role of the Planning Unit of the Ministry of Economic 
Development is vital to the proper evaluation of projects into a co­
herent and productive investment program. The use of appropriate 
shadow prices is of paramount importance to such an evaluation. The 
relevant ministries or entities ought to follow the guidelines laid 
down by the Planning Unit or lending agency for project evaluation. In 
this way there will be uniformity and coordination of efforts toward a 
quantitative and qualitative assessment of projects. When local 
expertise proves inadequate for this kind of exercise, it is custo­
mary to hire foreign consultants. 
The project priorities conducted in the above section clearly 
demonstrate that there are tradeoffs between the income, balance-
of-payments and employment objectives. The homogeneity of the 
major drainage and irrigation projects does not readily guarantee an 
optimal solution. Policymakers must understand that an investment policy 
is a simultaneous choice of present and future investments, and the 
optimal choices at different times are interrelated (1). Therefore, 
in selecting projects on a rational basis relative to an investment pro­
gram, policymakers ought to choose the most preferred point on the 
transformation curve which involves a tangency solution with the 
national preference function (115). Dynamic programming and optimal 
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control theory, as guidelines, can aid planning and decision-mêiking 
entities to have project selection within an optimal investment 
program. 
Chapter VII presents summary, conclusions and recommer ations of 
the study. 
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VII. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
A. Summary 
The prime objective of this study has been to conduct an evalua­
tion of water resource developments in Guyana with application to 
selected drainage and irrigation projects in Guyana and to develop 
at the same time a macroeconomic formulation as a means of pro­
viding the necessary conditions for achieving agricultural develop­
ment and national economic development. The study has also attempted 
to show the close and necessary interrelationships between project 
development, agrarian reform, agricultural development and national 
economic development and has suggested remedial measures to the 
problems identified on the basis of the criteria used for project 
evaluation. 
The Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje 
projects direct the inquiry for detailed application of the in-
voouAuviiw xiic WV/aaoxvac-O y A W 
for project evaluation by noting current theories in economic develop­
ment and the presence of market imperfections in developing economies. 
It assumes that the theory of perfect competition is applicable to a 
developed economy and is inapplicable to a developing economy because 
of market imperfections which fail to establish resource ' prices in 
line with their marginal value productivities. Hence, the application 
of shadow prices to key inputs, namely, labor, foreign exchange and 
capital is necessary to facilitate the inquiry. The shadow wage rate 
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is assumed to be lower than the market wage rate because of institu­
tional requirements. The shadow foreign exchange rate is assumed to 
be higher than the official market rate of 1974 because of the 
traditional relationship of the Guyana dollar to the British pound 
(£) sterling and the recent alignment of the Guyana dollar with the 
American dollar at a fixed exchange rate of G$2.55 equal US$1. 
The Guyana dollar deteriorated in value whenever the pound sterling 
was devalued. The shadow rate of interest for capital is assumed to 
be higher than the market rate because of institutional factors, 
mainly capital rationing and institutionally determined interest 
rates. 
Several investment criteria, their advantages and disadvantages, 
have been expounded particularly in the benefit-cost, internal rate 
of return, and social marginal productivity of investment criteria-. 
The benefit-cost criterion, as demonstrated, has its theoretical 
bases in welfare economics. This criterion states that if the 
present value of total benefits to the present value of total costs 
is equal to or greater than unity, a project is economically feasible. 
Under the postulate of a perfectly competitive model the equilibrium 
conditions satisfy the efficiency conditions by equating price to 
marginal costs. Thus, benefits, as beneficiaries valuation of out­
puts, are equivalent to price while costs, as monetary values of 
goods foregone by individuals throughout the economy in order to 
construct and operate a project, are equivalent to marginal costs. 
The study, however, employs shadow prices in via# of market im-
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perfections. 
The internal rate of return criterion yields the same results 
as the benefit-cost criterion provided there are no multiple solu­
tions. It is that rate of discount which makes the present value of 
benefits equal to the present value of costs or which makes the entire 
stream of benefits and costs exactly equal to zero. 
The social marginal productivity of investment criterion con­
siders both the domestic value-added and balance-of-payments effects 
of a project. It is a useful tool in project evaluation since it 
includes project's direct and indirect balance-of-payments effects. 
It can also test hypotheses regarding the balance-of-payments and 
domestic income effects in establishing project priorities. 
As a preparatory foundation for the application of investment 
criteria to the major drainage and irrigation projects, the analysis 
succintly deals with the evolution of drainage and irrigation in 
Guyana. It then describes the physical, economic and institutional 
dimensions of each project and notes, at the same time, the constraints 
on the economic use of land in existing project areas. The analysis 
also notes the significance of the agricultural sector within the 
national economy by stressing the role of institutions and agrarian 
reform in a development framework. 
The application of investment criteria to the Tapakuma, Black 
Bush, Mahaica-Mahaicony-Abary and Canje projects depends on data 
availability. The feasibility studies provide most of the basic 
data needed for an economic evaluation of these major drainage and 
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irrigation projects, but considered judgement makes up for data 
deficiency. The base year prices of 1974 have been used to compute 
projects' benefit and cost components. In the case of the Mahaica-
Mahaicony-Abary and Canje projects, the economic data were updated 
to the base year 1974 in order to reflect the preferences of Guyanese 
policy-makers in the field of water resource development. The 
feasibility studies for both projects were conducted in the early 
sixties and consequently data adjustment was necessary. 
The benefit-cost criterion is applied to the Tapakuma, Black 
Bush, Mahaica-Mahaicony-Abary and Canje projects at both market and 
shadow prices at discount rates of 9.0, 12.0 and 15.0 percent. 
The shadow prices include an exchange rate of 140.0 percent of the 
1974 market rate and a wage rate of 80.0 percent of the market rate. 
The sensitivity analysis subsequently consists of a systematic 
variation of these rates to measure the change in the adjusted net 
present value of benefits and costs and the resultant project 
priorities. Project priorities show little variation. The Mahaica-
Mahaicony-Abary project has a consistent rank of fourth which may 
be indicative of its proposed crop-mix with a sugar factory. 
The internal rate of return criterion is applied to the Tapakuma, 
Black Bush, Mahaica-Mahaicony-Abary and Canje projects followed by 
an application of the social marginal productivity of investment 
(SMP) criterion. The SMP criterion separates the balance-of-payments 
effect from the domestic income effect. The balance-of-payments 
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effect comprises the direct and indirect effects of project installa­
tion (B^), the effects of project installation on the balamce-of-
payments (Bg) and the indirect effects of project operation (B^)• 
The economic evaluation omits the B^ effects because most of the 
projects' outputs consisting of sugar and rice will be exported 
and import replacement for these two commodities is inapplicable in 
the Guyana context. The application of the SMP criterion is conducted 
at two levels - "with" and "without" discounting the time profile 
of output, cost and investment. 
The sensitivity analysis consists of a systematic variation of 
the shadow rates for capital, foreign exchange and labor to measure 
the change in the adjusted net present value of project benefits 
and costs and the resultant project priorities. The application 
of a macroeconomic formulation for project evaluation follows this 
analysis. The formulation focuses on the objectives of aggregate 
consumption, regional income distribution and distribution of income 
to small farmers. A social discount rate of 9.0 percent was used 
to conçjute the numerical values for these objectives. 
The study delimits the national economic objectives and relates 
them to the investment criteria. The BCR and SMP criteria measure 
projects' contributions to the objective of increased aggregate and 
per capita income. The SMP and F/K (foreign exchange earnings-
investment ratio) measure projects' contributions to the objective 
of improved balance of payments while the L/K (labor-investment ratio) 
measures projects' contributions to the objective of reduced 
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unemployment. Project priorities established by ordinal and cardinal 
methods in relation to the macroeconoraic objectives provide a frame­
work for an alternative preference weighting scheme. Project selection 
and the investment program concludes the overall evaluation of the 
Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje projects 
in Guyana. 
B. Conclusions 
An analytical framework has been developed to conduct an evalua­
tion of selected drainage and irrigation projects in Guyana. The 
Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje projects 
represent a conscious attempt to tackle the nation's water control 
problem in order to stimulate agricultural development and national 
economic development. The projects, with a combined total area 
of 944,200 acres, are estimated to cost G$927 million or G$982 per 
acre. Therefore, it is imperative that planning entities undertake 
a thorough analysis of the economy's potential capacity to tolerate 
such public outlays. These outlays can cause global and sectoral 
inflationary pressures within the domestic economy and the loss of 
revenue in international transactions. The use of instrument 
variables toward the achievement of target variables can be of 
practical importance to planning entities. For instance, a right 
combination of trade, monetary and fiscal policies can ensure the 
full use of domestic capacity by not permitting the effective 
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competition of foreign goods to swamp domestic output. Balance-
of-payments problems can only arise when there is too much of foreign 
resources and not enough use of domestic capacity. The present 
thrust toward self-reliance in Guyana, using domestic resources, both 
physical and human, to the fullest extent is a step in the right 
direction. 
The projects, as an integral part of agrarian reform, represent 
an end-in-view of higher ends-in-view such as agricultural and 
economic development. Resource inefficiencies engendered under 
various tenure arrangements or agrarian structures are partly 
responsible for low per capita productivity and low per capita in­
come distribution in agriculture. Remedying such deficiencies will 
require fundamental changes in land tenure institutions, in marketing 
and credit institutions, and in extension education institutions to 
the agricultural community. These, in turn, should promote the 
necessary incentives, technical and managerial innovations and 
capital that are so urgently needed in an agricultural economy like 
Guyana. 
Water control in Guyana is crucial to agricultural development. 
The major drainage and irrigation projects will bring about 764,000 
acres of land into beneficial utilization, most of which will be 
devoted to the main crops, rice and sugar. Mixed, and dairy farming, too, 
will feature in project land use program. The projected impacts of 
projects are substantial not only in land use but also in income 
generation, balance-of-payments contribution and employment creation. 
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The BCR permits an initial ranking of projects at market prices 
and at interest (discount) rates of 9.0, 12.0, and 15.0 percent. 
The Tapakuma, Black Bush, Mahaica-Mahaicony-Abary and Canje projects 
in spite of their capital costs are economically feasible at the 
9.0 percent interest rate. At this rate, the Tapakuma project is 
ranked first. The Black Bush, Canje and Mahaica-Mahaicony-Abary 
projects are ranked second, third and fourth respectively. At the 
12.0 percent interest rate, the project priorities remain the same. 
At the 15.0 percent interest rate the Tapakuma project alone has a 
favorable BCR. The project priorities do not change. The consistent­
ly poor performance of the Mahaica-Mahaicony-Abary project under the 
BCR test is largely due to the capital cost of a 50,000-ton sugar 
factory and the proposed crop-mix. It is prudent to maximize 
rice and livestock production in this project area which displays 
locational advantages for these two economic activities. The 
Canje project, although it is the largest and most expensive, per­
forms better than the Hahaicà-Hâhàicôny-Abary ptOjèC'C Uiiuêt taê 
BCR test partly because of the present development of the area with 
existing sugar estates and rice schemes and partly because of a 
diversified crop-mix. 
When shadow prices for labor, foreign exchange and capital are 
applied to the analysis, the BCR of each project increases. When 
the present discounted value of benefits exceeds the present dis­
counted value of costs, the shadow prices have a positive effect; 
otherwise, they have a negative effect. The projects have favorable 
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benefit-cost ratios at both the 9.0 and 12.0 percent interest rates. 
At the 15.0 percent interest rate, the Tapakuma and Canje projects 
have benefit-cost ratios greater than unity. Project rankings also 
are invariant over the range of shadow prices at alternative interest 
rates. 
The comprehensive drainage and irrigation projects have single-
valued internal rates of return which are above the requirements of 
lending institutions for similar projects. Like the BCR criterion, 
the internal rate of return accepts feasible projects and rejects 
infeasible ones. 
The incorporation of the balance-of-payments effects in the 
SMP criterion when there is no discounting of the time profile of 
output, cost and investment is responsible for a change in project 
ranking as compared to that obtained under the BCR criterion. The 
large projects, Mahaica-Mahaicony-Abary and Canje, which have a 
substantial foreign exchange component now have a relatively lower 
ranking on the SMP basis as opposed to the BCR criterion. The 
economy's heavy dependence on international sources for investable 
funds to finance the projects creates leakages in the income stream, 
a proportion of which is channeled to loan repayment purposes. 
On the other hand, when the time profile of output cost and 
investment is discounted at the 9.0 percent interest rate, there 
is a change in project ranking as compared to that obtained under 
the BCR criterion. The balance-of-payments effects are responsible 
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for this change. The SMP value increases vAien shadow rates of 
foreign exchange and labor are applied. 
Since data constraints restrict the practical use of a general 
equilibrium model, a sensitivity analysis is useful to deal with 
uncertainties, risks and unquantified values. The sensitivity 
analysis used in this study consists of a systematic variation of 
project coefficients, namely, wage, foreign exchange and interest 
rates, to measure the change in the net present value of benefits 
and costs and the resultant project priorities. 
A high discount rate leads to the rejection of large capital 
intensive projects but a low rate improves project ranking emd 
acceptance. At the 15.0 percent discount rate, using adjusted 
net income, the projects are economically infeasible. The BCR 
of each project increases substantially when 1.18 ^  f £ 1.40, but, 
as the interest rates increase within the range of 9.0 and 15.0 
percent, the BCR of each project progressively declines. The 
relative project rankings remain invariant because of the interaction 
of projects' foreign-currency cost and foreign-exchange earning 
components. 
The shadow wage rates tend to increase the BCR of the Tapakuma, 
Black Bush, Mahaica-Mahaicony-Abary and Canje projects by dampening 
the effect of a high interest rate on the feasibility of projects. 
Within the interest rate range of 9.0 and 15.0 percent, there is 
an inverse relationship between the SCR and v? because at a lew wage 
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rate, the BCR increases; at a high wage rate, it decreases. There 
is a slight variation in project priorities. 
When the combined shadow rates are simultcineously varied, the 
functions shift downward reflecting a heavier discounting of long-
term benefits. The projects are positively affected by the shadow 
rate adjustments. 
In connection with the aggregate consumption objective the first 
approximations reveal that Tapakuma and Black Bush contribute 
positively to this objective while Mahaica-Mahaicony-Abary and Canje 
contribute negatively. The foreign-currency cost component of 
these two projects is partly responsible for this result. 
With respect to the regional income distribution objective, the 
projects contribute in present value terms positively to this 
objective. There could be a challenge and response approach to 
the norms of economic development in the counties of Essequibo, 
Demerara, and Berbice. 
In regard to the objective of distribution of income to small 
farmers, the first approximations indicate that large farmers would 
not benefit from the land distribution. The first approximations 
are overestimated since no deduction is made for loan repayments and 
the drainage and irrigation rates represent only a modicum of project 
operation, maintenance and replacement costs. 
Finally, with regard to project selection and the macrceconomic 
objectives, each investment criterion yields a set of priorities-
Project priorities are sensitive to the ordinal ranking decision 
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rule and are marginally affected by the caurdinal ranking decision rule. 
Projects* contributions to the income, balance-of-payments and 
employment objectives vary considerably under alternative preference 
weights. There are tradeoffs between these objectives which can 
enable Guyanese policymakers to choose optimal investment programs. 
It is hoped that the evaluation of selected drainage and irrigation 
projects in Guyana is a positive contribution toward the achievement 
of such programs within a national economic development framework. 
C. Recommendations 
This study has focused primarily on an evaluation of water 
resource developments in Guyana with application to selected 
drainage and irrigation projects and has attempted at the same time 
to show the close and necessary interrelationships between project 
development, agrarian reform, agricultural development and national 
economic development. The implementation of the Tapakuma, Black 
Bush, Mahaica-Mahaicony-Abary and Canje projects not only represents 
a conscious attempt to tackle the nation's water control problem but 
also serves as an instrument of land and agrarian reform directed 
toward the modernization of traditional agriculture and the promotion 
of regional development. Per capita income and resource productivity 
are extremely low when compared with those of advanced economies such 
as the United States, Canada, Japan and the Netherlands. Defects in 
drainage and irrigation projects inhibit agricultural uevelopmerit 
and national economic development. Thus, in formulating plans for 
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national economic development, it is imperative that careful atten­
tion be paid to the part the major drainage and irrigation schemes 
or projects may play throughout the development process. 
The application of investment criteria to the selected drainage 
and irrigation projects coupled with a macroeconomic formulation 
provides certain guidelines for future action. These emphasize the 
crucial importance of project evaluation and implementation to 
economic development which encompasses agricultural development. 
Incoherent investment planning forecloses effective and efficient 
alternatives necessary for the attainment of development goals. 
Projects compete in the same manner as other investment oppor­
tunities for scarce resources which often act as binding constraints 
to economic development. 
The dearth of empirical information on the comprehensive drainage 
and irrigation schemes in Guyana indicates the need for additional 
studies which can only come through rigorous and intensive research. 
There is no monitoring of project performance. An ex-post-facto 
benefit-cost analysis, relative to project size and gestation period, 
is appropriate when project has been in operation for several years. 
There is need for a feed-back system from projects to planning 
entities since the projects embrace technical, economic and insti­
tutional factors = The present analysis,- as in the feasibility 
studies, completely ignores social infrastructure in the drainage and 
irrigation schemes. This is a very important area for further re­
search. It is ironic to develop land settlement schemes without 
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providing settlers with the basic amenities such as water supply, 
access roads, schools, health and community centers, and police out­
posts. These are an integral part of the norms of economic develop­
ment. A socialist society, therefore, should not come in conflict 
with these norms but should attempt to attain them. It should also 
attempt to expand success elements and ameliorate failure elements 
during the process of national economic development. The quintessence 
of socialist ideology is the physical and social well-being of people, 
particularly the working class or proletariat. 
More research should identify drainage and irrigation problems 
as they exist in Guyana, diagnose their extent and propose remedial 
alternatives. Careful evaluation of the effects of remedial 
alternatives should form a substantial part of the research. Such 
research should utilize the analytical tools from the various disci­
plines, particularly the social sciences. It will involve am inter­
disciplinary approach to problem solving. The University of Guyana, 
for instance, working in close collaboration with government agencies, 
the University of the West Indies, and other institutions of higher 
learning could contribute significantly to this needed reservoir of 
knowledge. To be most effective, the research should be carried out 
in a cooperative spirit with research personnel in international 
sgencies and in vsricus less dsvslcpsd countries so that a typology 
of the obstacles to economic development posed by the drainage and 
irrigation projects, together with their possible remedial alterna­
tives, could emerge. 
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This study has provided an analytical framework, aided by avail­
able empirical data, to investigate projects' contributions to the 
macroeconomic objectives set for the Guyanese economy. The in­
adequacy of national and sectoral parameters pinpoints a wide area 
for further research. This area includes the following: 
1. Inadequate drainage and irrigation systems in most farming 
areas are accidentally related to the needs of land use in any 
particular area of activity and are not functionally related to 
national and sectoral objectives. The major drainage and irrigation 
schemes tend to function in water-tight compartments, and have only 
incidental relationships to these objectives. A clear-cut policy is 
needed so that the schemes can contribute positively and efficiently 
to the macroeconomic objectives of increased aggregate and per capita 
income, improved balance-of-payments and reduced unemployment. 
Dynamic programming can synchronize the aberrant relationships between 
project development, agricultural development and national economic 
development. 
2. Related problems such as insecure title to land and water 
rights, absentee ownership and fragmented holdings perpetuate resource 
inefficiencies and distort the distribution of agricultural products 
between landlords eind tenants, especially when the latter undertake 
longterm cultivation practices or capital improvements. Research is 
needed to determine remedial alternatives or success elements, the 
least expensive means of settling titles, curbing absentee ownership, 
and consolidating holdings, and the costs and sources of funds for 
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title registration and settlement programs. These costs could be 
worked out in a cost-benefit calculus. The macroimplications and 
cost of financing the major drainage and irrigation projects, as an 
integral part of land and agrarian reform, could also be worked out 
and reflected in the relevant parameters. 
3. Adequate supporting services are necessary to overcome many 
of the resource inefficiencies in the agricultural sector of Guyana. 
Credit, for example, obtained at exorbitamt rates increases a farmer's 
operating costs and also puts him in a precarious position when his 
crops are subject to perennial floods and insect attacks. Full use 
must be made of legislative action, cooperative producing, consuming, 
marketing, distributing and banking systems in order to curb the 
unsurious practices of landlords, moneylenders and pawnbrokers. 
Farmers could than combine resources efficiently to increase pro­
duction and productivity. Moreover, if farmers are given the 
necessary incentive, knowledge and capital, then they can contribute 
meaningfully toward the accomplishment of development goals. 
4. More information is needed about effective media to dis­
seminate information concerning productive techniques amd the 
role of institutional innovations in the economic development of 
Guyana. Media such as extension services, cooperatives, radio, press, 
and commercial firms should be investigated, since most strategic 
factors in economic development rest in a full understanding of the 
way institutions have developed, in an evaluation of the historical 
role that these institutions have played and an analysis of the way 
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these institutions actually work. 
5. The implementation of the major drainage and irrigation 
projects in Guyana involves significant capital outlays. Yet little 
research is being carried out to analyze the productive and fiscal 
capacity of the economy to accommodate such outlays. The public debt 
charges and the debt ratio continue to rise. Thus, the use of instru­
ment variables in relationship to the target variables is of prime 
importance in understanding the economy's capacity for large-scale 
expenditures. There should be a refinement of the data since shabby 
data could only lead to shabby results. Time series and cross-
sectional data of aggregates and their interrelationships could be 
used, for example, to estimate agricultural production functions and 
the productivity of resources employed. More trained statisticians, 
economists and research workers can be employed to solve the problems 
of improper data collection, to improve the quality of data used for 
domestic accounting of economic performance, and to analyze, further, 
the economy's capacity for the capital outlays involved in the selected 
drainage and irrigation projects. 
6. The first approximations of aggregate consumption, regional 
distribution of income and distribution of income to small farmers in 
the major drainage and irrigation projects provide a fertile area for 
additional studies. The data used in this study are based on the 
feasibility studies and the author's estimates. Refinement of the 
data can sharpen the analysis as a constituent coinponênt. of the 
overall evaluation of the Tapakuma, Black Bush, Mahaica^-Mahaicony-
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Abary and Canje projects. The role of the Planning Unit of the 
Ministry of Economic Development is of significant importance in 
this type of exercise. 
7. Project investment planning in Guyana is customarily con­
fined to dual purposes - flood control and irrigation - particularly 
in the agricultural sector. This unidimensional and partial 
planning is inadequate. It should be integrated with macroeconomic 
planning in relationship to the development objectives such as in­
creased aggregate and per capita income, improved balance-of-
payments and reduced unemployment. The prime aim of development 
planning is to encourage investments which either increase productivity 
in existing industries, and/or effect an expansion of high-yielding 
industries to which labor is transferred from the low-yielding 
industries. Success depends not only on the volume of govexTiiuent 
expenditure but also on the extent to which the government stimulates 
productive activities. An optimal investment program is possible with 
the tools of dynamic programming and optimal control theory. Project 
formulators and evaluators being acquainted with these tools could 
generate data for further investigation and evaluation of drainage 
and irrigation projects. 
8. The alarming arrears of drainage and irrigation rates for 
the period 1963-1974 indicate that the present system of rate col­
lection is inefficient. The arrears also indicate that proprietors 
do not honor their obligations although the state provides the capital 
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cost for the rehabilitation and development of all major drainage and 
irrigation works. Notwithstanding, it is not appropriate to tax 
farmers when there is an improper maintenance of drainage and irri­
gation works which often leads to crop losses. When farmers experience 
losses they go through economic hardships. They simply cannot meet 
family and contractual obligations. A crop insurance or a state 
emergency relief program can help farmers in difficult times. 
The author conducted personal interviews with farmers in the 
project areas and found that farmers wanted not only adequate drainage 
and irrigation systems but also remunerative prices for their rice 
crops. Farmers felt that they were short-changed somewhere along the 
final line of production. When farmers receive redress on this out­
standing issue they will welcome progressive taxation to cover the 
cost of operating, maintaining and replacing drainage and irrigation 
works. Yet little research is carried out in this area. More in­
formation is needed to devise suitable methods of assessing and 
taxing land, to deal with the effects of inheritance and estate taxa­
tion and the means of improving their effectiveness in reaching land 
occupancy and use goals. 
9. Drainage and irrigation in view of their crucial role to the 
development process should be a national question and efforts be 
dirsçtsd to strsamlins ths functions of the various statutory bodies 
concerned with water resources development in the country. The Guyana 
water Authority (GUYviA) has several functions; 1) to control and regu­
late the collection, production, treatment storage, transmission. 
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distribution, and use of water, 2) to make orders with respect to 
these activities and 3) to give directions of a general or special 
character to any statutory body in connection with the provision of 
sewage services and water services. Yet, GCJYWA is presently unable 
to carry out its functions with respect to drainage and irrigation 
schemes (27). Legislative action is necessary to revamp GUYWA's func­
tions so that the Ministry of Agriculture has the sole responsibility 
for irrigation, drainage and flood control measures. Legislative 
action is also necessary to abolish the present Drainage and Irri­
gation Board so that a more representative Advisory Board with distinct 
functions along regional lines is possible. 
10. Land settlement schemes away from the immediate coastland 
are sometimes proposed as a remedial measure to population pressures 
in agriculture. A land settlement scheme, however, is not a panacea 
to this problem and is not a substitute for a well-conceived in­
dustrialization scheme. Land reform can be successful and can contribute 
to economic development only if it is undertaken jointly with in­
vestment programs in the nonagricultural sectors which may, over time, 
provide employment opportunities for the underemployed and unemployed 
labor force in agriculture. If the economy is to grow over time the 
surplus labor force in agriculture has to be absorbed by the non-
agricultural sectors. Further research is needed to test the capacity 
of these sectors to absorb surplus labor from agriculture. In the 
present national thrust toward self-sufficiency in food, care should 
be taken not to swing the pendulum adversely against the nonagricultural 
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sectors and to exacerbate rural-urban differences, both of which should 
be compatible with the goals of economic development. 
11. An efficient administrative system can coordinate the 
efforts of the seveial ministries or planning entities engaged in 
project evaluation and implementation in order to avoid wasteful 
duplication of expertise and resources. A developing Guyana cannot 
afford undue wastage of resources, both physical and human, if it is 
to realize the development goals set for it. The Tapakuma, Black Bush, 
Mahaica-Mahaicony-Abary and Canje projects are expected to play a 
significant role in the accomplishment of these goals only if they 
are integrated with a well-determined policy. 
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APPENDIX A; IMPORTS OF SOME SELECTED AGRICULTURAL COMMODITIES WHICH 
CAN BE PRODUCED IN GUYANA OR FOR WHICH SUBSTITUTES 
CAN BE HAD, 1966 TO 1970 
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Table Al. Imports of some selected agricultural commodities which can 
be produced in Guyana or for which substitutes can be had, 
1966 to 19703 
Commodities Unit 1966 1967 1968 1969 1970% 
Onions lb. 
$ 
4,951,420 
488,992 
5,248,746 
576,051 
5,277,359 
602,512 
5,489,380 
670,864 
5,080,977 
839,439 
carrots lb. 
$ 
146,886 
33,661 
138,243 
38,734 
23,403 
7,887 
81,453 
26,171 
184,051 
54,742 
Peanuts lb. 
$ 
897,768 
291,913 
1,191,592 
278,317 
1,052,026 
324,400 
973,746 
350,570 
703,505 
276,832 
cabbages lb. 
$ 
405,716 
83,624 
154,659 
26,954 
- 292,500 
61,608 
281,640 
60,804 
Orange Juice Gins. 
$ 
391,192 
535,305 
186,212 
442,059 
205,671 
491,419 
106,048 
274,701 
111,198 
224,698 
Tomatoes lb. 
$ 
20,378 
4,002 
13,760 
2,907 
2,710 
1,104 
1,020 
321 
7,980 
3,014 
Black Pepper lb. 
$ 
81,522 
60,896 
54,608 
33,347 
62,058 
40,943 
83,700 
52,985 
63,343 
53,851 
Ginger lb. 
$ 
91,726 
46,544 
52,024 
25,899 
53,-439 
30,364 
44,669 
30,658 
22,159 
22,191 
Tapioca lb. 
$ 
163,866 
24,708 
216,108 
34,254 
304,019 
54,509 
321,283 
58,198 
243,201 
41,091 
Cocoa Powder lb. 
$ 
214,206 
196,761 
192,121 
180,509 
150,401 
123,673 
148,067 
149,541 
136,369 
181,033 
Tumeric lb. 
$ 
108,345 
34,832 
36,792 
10,932 
27,038 
10,562 
26,877 
17,999 
76,546 
39,062 
Tomato Paste lb. 
$ 
753,250 
251,414 
1,020,492 
292,138 
542,037 
172,324 
512,299 
184,323 
696,370 
325,073 
"source? (59). 
'^Provisional. 
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Table Al (Continued) 
Commodities Unit 1966 1967 1968 1969 1970^ 
Castor Oil lb. 35,594 22,559 33,741 36,743 28,898 
$ 12,448 9,420 18,049 19,553 15,071 
Blackeye Peas lb. 332,545 15,000 108,500 157,500 90,000 
$ 65,963 2,721 31,336 35,042 22,725 
Split Peas lb. 4 ,673,286 6,695,647 6 ,938,348 7 ,302,018 6, 551,834 
$ 627,407 943,585 1 ,101,934 1 ,131,344 1, 011,168 
Other Peas lb. 2 ,326,858 160,211 423,696 269,763 1, 838,868 
and Beans $ 320,743 41,467 103,713 98,361 307,166 
Poultry lb. 30,001 48,071 33,891 31,893 34,327 
(killed or $ 27,688 38,839 39,462 31,885 34,378 
dressed) 
Corn (Maize) lb. 5 ,253,981 4,948,920 5 ,843,105 11 ,077,799 12, 074,391 
(Unmilled) $ 446,048 480,529 501,839 867,331 990,721 
Meat and Meat lb. 
Products 
2,992,138 2,635,617 2,674,005 2,090,358 2,449,756 
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Table Bl. Consumptive use factors and climatic coefficients, 
Tapakuma area& 
Month Temperature)' 
(t) °F 
Percent of 
Annual 
Daylight Hours 
(P) (7°N) 
Climatic 
Coefficient^ 
(K^) 
Consumptive 
Use Factor^ 
(f)d 
January 79.6 8.25 1.063 6.57 
February 79.9 7.53 1.068 6.02 
March 80.3 8.45 1.075 6.79 
April 80.6 8.32 1.080 6.71 
May 80.6 8.71 1.080 7.02 
June 79.6 8.49 1.063 6.76 
July 79.9 8.75 1.068 6.99 
August 81.0 8.64 1.087 7.00 
September 81.9 8.24 1.103 6.75 
October 81.9 8.39 1.103 6.87 
November 81.1 8.01 1.089 6,50 
December 80.5 8.22 1.079 6.62 
c: (26). 
^Based 
Hydraulics, 
on 25 years of data, 1940-
Anna Regina Station. 
1964. Ministry of Works and 
0.0173t - 0. 314. 
d t 
f = 
X p . 
100 
Table B2. Irrigation requirements for double cropped paddy, Tapakuma area 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Month Monthly 
Monthly 
Consumptive 
80% Chance 
Monthly Irrigation Requirement s 
Consumptive Crop Co- Use, u Effective Consumptive Irrigation Field Scheduled 
Use Factor, 
f 
efficient, 
k 
(u=kf) 
Inches 
Rainfall, 
Inches 
Net 
Inches 
Application# 
Inches 
(7)r0.70 
Inches 
At Field 
AcFt/Ac 
January 6.57 1,01 6.64 4.60 2.04 2.04 2.91 0.24 
February 6.02 1.17 7.04 2.64 » 4.40 4.40 6.29 0.52 
MarcVi 6.79 1.18 8.01 2.83 o 
p 
5.18 5.18 7.40 0.62 
April 6.71 0.92 6.17 3.00 •in 3.17 1.47 2.10 0.17 
May 7.02 0.59 4.14 4.14 - 1.70 2.43 0.20 
June 6.76 0.64 4.32 4.32 - 1.30 1.86 0.15 
July 6.99 1.07 7.48 5.64 1.84 1.84 2.63 0.22 
August 7.00 1.20 8.40 4.30 4.10 4.10 5.86 0.49 
September 6.75 1.21 8.17 1.90 
2 
6.27 6.27 8.96 0.75 
Octol>er 6.87 0.83 5.70 2.01 3.69 1.99 2.84 0.24 
Noventber 6.50 0.49 3.19 3-19 
1 
— 1.70 2.43 0.20 
December 6.. 62 0.59 3.91 3.91 - 1.30 1.86 0.15 
Season 73.17 42.48 30.69 33.29 47.57 3.95 
N3 
cy> 
-J 
Source; (26). 
^Application based upon using four inches for land preparation approximately two weeks 
to the assumed planting date and ^ijithholding water about two weeks prior to harvest. 
prior 
Table B3. Irrigation requirements for vegetables and pasture, Tapakuma area® 
(1) ( 2 )  (3) (4) (5) (6) (7) (8) (9) 
Month 
Monthly 
Consumptive Crop Co-
Monthly 
Consumptive 
80% Chance 
Monthly Irrigation Requirements 
Use Factor, efficient. Use, u Effective Consumptive Irrigation Field Scheduled 
f k (u=kf) 
Inches 
Rainfall, 
Inches 
Net 
Inches 
Application 
Inches 
(7)^0.70 
Inches 
At Field 
AcFt/Ac 
January 6.57 0.69 4.53 4-00 0.53 0.53 0.76 0.06 
February 6.02 0-69 4.15 2.30 1.85 1.85 2.64 0.22 
Mairch 6.79 0.70 4.75 2.40 2.35 2.35 3.36 0.28 
April 6.71 0.70 4.70 2.85 1.85 1.85 2.64 0.22 
14a\r 7.02 0.70 4.91 4.91 - - - -
June 6.76 0.69 4.66 4.66 - - - -
July 6.99 0.69 4.82 4.82 - - - -
August 7.00 0.71 4.97 3.62 1.35 1.35 1.93 0.16 
September 6.75 0.72 4.86 1.68 3.18 3.18 4.54 0.38 
Oc1;ober 6.87 0.72 4.95 2.69 2.26 2.26 3.23 0.27 
November 6.50 0.71 4.62 3.52 1.10 1.10 1.57 0.13 
December 5.62 0.70 4.63 4.63 « _ — 
Season 56-55 42,08 14.47 14.47 20.67 1.72 
^Source: (26). 
Table B4. Irrigation requirements for tree crops, Tapakuma area' 
(1) ( 2 )  (3) (4) (5) (6) (7) (8) (9) 
Itonthly Monthly 80% Chance 
Month Consumptive Crop Co- Consumptive Monthly 
Use Factor, efficient. Use, u Effective 
f k (u=kf) Rainfall, 
Inches Inches 
Irrigation Requirements 
January 6.57 
February 6.02 
March 
April 
May 
June 
July 
August 
6.79 
6.71 
7.02 
6.76 
6.99 
7.00 
September 6.75 
October 6-87 
November 6.50 
December 6.62 
Season 
0.96 
0.96 
0.97 
0.97 
0.97 
0.96 
0.96 
0.98 
0.99 
0.99 
0.98 
0.97 
6.31 
5.78 
6.59 
6-51 
6.81 
6.49 
6.71 
6.86 
6.68 
6.80 
6.37 
6.42 
78.33 
Consumptive Irrigation Field Scheduled 
Net Application (7)iO. 70 At Field 
Inches Inches Inches AcFt/Ac 
4.52 
2.48 
2.64 
3.05 
5.90 
6.49 
5.40 
3.95 
1-74 
2.19 
3-83 
6.42 
48.61 
1.79 
3.30 
3.95 
3.46 
0.91 
1.31 
2.91 
4.94 
4.61 
2.54 
29.72 
1-79 
3.30 
3-95 
3-46 
0.91 
1.31 
2.91 
4.94 
4.61 
2.54 
29.72 
2-56 
4-71 
5.64 
4-94 
1.30 
1.87 
4.16 
7.06 
6.59 
3.63 
42.46 
0.21 
0.39 
0.47 
0.41 
0.11 
0.16 
0.35 
0-59 
0.55 
0.30 
3.54 
N> 
V£> 
Sour c:e : (26)-
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Table b5. Consumptive use factors and climatic coefficients. Black 
Bush areas 
Percent of Climatic Consumptive 
Temperature Annual Daylight Coefficient^ Use ^ 
(t) °F hours (K ) Factor 
(P) (6°N) (f) 
January 80.0 8.28 1.070 6.62 
February 80.2 7.55 1.073 6.06 
March 80.5 8.47 1.079 6.82 
April 80.7 8.31 1.082 6.71 
May 80.7 8.68 1.082 7.00 
June 80.7 8.45 1.082 6.82 
July 80.9 8.71 1.086 7.05 
August 81.6 8.62 1.098 7.03 
September 82.4 8.23 1.112 6,78 
October 82.3 8.40 1.110 6.91 
November 82.1 8.04 1.106 6.60 
December 80.9 8.26 1.086 6.68 
^Source: (29). 
^Based on 49 years of data, 1915-1942 and 1947-1968. Ministry of 
Works and Communications. New Amsterdam station. 
= 0.173t - 0.314. 
d t X p 
f= 100 
Tal)le B6. Irrigation requirements for doijble cropped paddy. Black Bush area° 
(I) (2)  (3) (4) (5) (6) (7) (8) (9) 
Month 
Monthly 
Consumptive 
Use Factor, 
f 
Crop Co­
efficient, 
k 
Monthly 
Consumptive 
Use, u 
(u=kf) 
Inches 
80% Chance 
Monthly 
Effective 
Rainfall, 
Inches 
Irrigation Requirements 
Consumptive Irrigation Field Scheduled 
(7)^0.70 At Field 
Inches Ac Ft/Ac Net 
Inches 
Totalb 
Inches 
January 6.62 1.02 6.75 4.95 1.80 2.60 3.71 0.31 
February 6.06 1.18 7.15 3.32 3.83 3.83 5.47 0.46 
March 6.82 1.19 8.12 3.71 4.41 3.41 4.87 0.41 
April 6.71 0.92 6.17 4.07 2.10 1.00 1.43 0.12 
May 7.00 0.60 4.20 4.20 — 1.40 2.00 0.17 
June 6.82 0.65 4.43 4.43 - 2.00 2.86 0.24 
July 7.05 1-09 7.68 6.03 1.65 2.25 3.22 0.27 
Au<just 7.03 1.21 8.51 4.62 3.89 3.89 5.56 0.46 
September 6.78 1.22 8.27 1.67 6. 60 5.20 7.43 0.62 
October 6.91 0.83 5.74 1.71 4.03 2.03 2.90 0.24 
November 6.60 0.50 3.30 3.00 1.30 2.10 3.00 0.25 
December 6- 68 0.60 4.01 4.01 - 2.20 3.14 0.26 
Season 74.33 44.72 29.61 31.91 45.59 3.81 
^Souirce: (28). 
^Total consumptive irrigation based upon using four inches for land preparation approxi­
mately two weeks prior to the assumed data and withholding water about two weeks prior to 
harvest. 
Table B7. Irrigation requirements for sugar cane. Black Bush area& 
Month 
Monthly 
Consumptive 
Use, u 
Inches 
80% Chance 
Monthly 
Effective 
Rainfall 
Inches 
Irrigation Requirements 
Consumptive 
Irrigation 
Net Totalb 
Inches Inches 
Field 
Inches 
Scheduled 
At Field 
(AcFt/Ac) 
January 4.31 4.17 0.14 1.11 1.39 0.12 
February 4.86 3.01 1.85 3.10 3.87 0.32 
March 5.39 3.23 2.16 3.50 4.37 0.36 
April 5.18 3.92 1.26 2.72 3.40 0.28 
May 4.85 4.85 - 0.69 0.86 0.07 
June 4.48 4.48 - - - -
July 5.03 5.03 - - - -
August 5.66 3.87 1.79 2.32 2.90 0.24 
September 6.00 1.54 4.46 5.07 6.34 0.53 
October 6.04 1.72 4.32 7.02 8.77 0.73 
November 5.14 2.23 2.91 6.00 7.49 0.62 
December 4.91 4.77 0.14 1.42 1.77 0.15 
Season 61.85 42.82 19.03 32.95 41.16 3.42 
^Source: (28). 
^Total annual consumptive irrigation based upon withholding 2.8 inches during the harvesting 
period and applying an additional five inches for Castnia control, one inch for flood fallowing 
and 10.8 inches for flood irrigation (not recovered by recirculation). 
^Total application divided by field efficiency of 80.0 percent. 
Table B8. Irrigation requirements for vegetables and pasture. Black Bush area^ 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Monthly Monthly 80% Chance 
Month Consumptive Crop Co­ Consumptive Monthly Irrigation Requirements 
Use Factor, efficient Use, u Effective Consumptive Irrigation Field Scheduled 
f k (u=kf) Rainfall, Net Total (7)40.70 At Field 
Inches Inches Inches Inches Inches AcFt/Ac 
January 6.62 0.70 4.63 4.35 0.28 0.28 0.40 0.03 
February 6.06 0.70 4.24 2.87 1.37 1.37 1.96 0.16 
March 6.82 0.70 4.77 3.15 1.62 1.62 2.31 0.19 
April 6.71 0.70 4.70 3.81 0.89 0.89 1.27 0.11 
May 7.00 0.70 4.90 4.90 - - - -
June 6.82 0.70 4.77 4.77 - - - -
July 7.05 0-71 5.00 5.00 - - - -
August 7.03 0-71 4.99 3.80 1.19 1.19 1.70 0.14 
September 6.78 0.72 4.88 1.48 3.40 3.40 4.86 0.40 
October 6.91 0.72 4,98 1.69 3.29 3.29 4.70 0.39 
November 6.60 0.72 4.75 2.19 2.56 2.56 3.66 0.30 
December 6.68 0.71 4.74 4.63 0.11 0.11 0.16 0.01 
Season 57.35 42.64 14.71 14.71 21.02 1.73 
^Source: (28) . 
Table B9. Irrigation requirements for orchards. Black Bush area^ 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Monthly Monthly 80% Chance 
Month consumptive Crop Co­ Consumptive Monthly Irrigation Requirements 
Use Factor, efficient Use, u Effective Consumptive Irrigation Field Scheduled 
f k (u=kf) Rainfall, Net Total (7)vO.70 At Field 
Inches Inches Inches Inches Inches AcFt/Ac 
January (5.62 0-96 6.36 4.86 1.50 1.50 2.14 0.18 
February 6.06 0.97 5.88 3.08 2.80 2.80 4.00 0.33 
March 6.82 0.97 6.62 3.42 3.20 3.20 4.57 0.38 
April 6.71 0.97 6.51 4.16 2.35 2.35 3.36 0.28 
May 7.00 0-97 6.79 6.05 0.74 0.74 1.06 0.09 
June 6.82 0.97 6.62 6.28 0.34 0.34 0.49 0.04 
July 7.05 0.98 6.91 5.80 1-11 1.11 1.59 0.13 
August 7.03 0.99 6.96 4.17 2.79 2.79 3.99 0.33 
September 6.78 1,00 6.78 1.53 5.25 5.25 7.50 0.62 
October 6.91 1.00 6.91 1.77 5.14 5.14 7.34 0.61 
November 6.50 1-00 6.60 2.34 4.26 4.26 6.09 0-51 
December 6.68 0.98 6.55 5.26 1.29 1.29 1.84 0.15 
Season 79.49 48.72 30.77 30.77 43.97 3.65 
^Source: (28). 
Table BIO. Irrigation requirements for single cropped paddy based on a 10% dry year, Mahaica-
Mahaicony-Abary area&fb 
Net Crop Co- Consumptive Consumptive Irrigation Net Irrigation 
Month Acreage efficient Use Factor Use E% R Requirement? Requirement 
(a) (k) (f) U=kf(ins.) (ins.) U-R^^^^ j Acre ft. M. eft. 
April 76000 1.1 6,8 - 60 7.6 - - -
May 76000 1.1 6.9 7.59 60 7.4 .3 1900 83 
June 76000 1.1 6.9 7.59 60 9.7 - - -
July 76000 1.1 6.9 7.59 60 7.3 .5 3170 138 
Auçiust 76000 1.1 6.9 7.59 60 4.2 5.7 36200 1540 
fJept ember 76000 1.1 6.9 7.59 60 9.2 5.3 33600 1470 
1/2: month 
Total 74870 3231.5 
^Source: (32). 
^Area. commanded by the Abairy right bzink main canal. 
o MontJily irrigation requirements (inches) = where U = monthly consumptive use; R = 
monthly rainfall on commanded airea; and E = irrigation efficiency. 
Table Bll. Irrigation requirements for sugar cane based on a 10% dry year, Mahaica-Mahaicony-
Aban^ area^'b 
Net Crop Co­ Consumptive Consumptive Irrigation Net Irrigation 
Month Acreage efficient Use Factor Use E% R Requirement*^ Requirement 
(a) (k) (f) U=kf{ins.) (ins.) (ins.) Acre ft. , M.cft. 
April 8,200 .77 6.8 5.24 60 7.6 — - — 
May 8,200 .77 6.9 5.31 60 7.4 - - -
June 8,200 .77 6.9 5.31 60 9.7 - - -
July 8,200 .77 6.9 5.31 60 7.3 - - -
August 8,200 .77 6.9 5.31 60 4.2 1.85 1,265 55.2 
September 8,200 .77 6.9 5.31 60 1.2 6.85 4,690 204 
October 8,200 .77 6.7 5.16 60 2.1 5.1 3,480 151.9 
November 8,200 .77 6,6 5.08 60 1.7 5.6 3,830 167 
December 8,200 .77 6.5 5.01 60 5.9 - - -
January 8,200 .77 6,4 4.93 60 3.2 2.9 1,985 86.6 
February 8,200 .77 6.5 5.01 60 1.9 5.2 3,550 154.9 
March 8,200 .77 6.7 5.16 60 2.3 4.8 3,280 143 
Total 22,080 962.6 
^Source: (32) . 
^Areci commanded by the Abary right bank main canal. 
^'Monthly irrigation requirements (inches) = where U = monthly consumptive use; R = 
monthly rainfall on commanded area; and E = irrigation efficiency. 
Table B12. Irrigation requirements for pasture based on a 10% dry year, Mahaica-Mahaicony-
Abary area&'b 
Month 
Net 
Acreage 
(a) 
Crop Co­
efficient 
(k) 
Con sumptive 
Us€î Factor 
(f) 
Consumptive 
Use 
U=kf(ins, ) 
E% R 
(ins.) 
Irrigation 
Requirement*^ 
^ (ins.) 
Net Irrigation 
Requirement 
Acre M.cft 
April 3760 .68 6.8 4.62 60 7.6 
Way 3760 .68 6.9 4.69 60 7.4 - - -
June 3760 .68 6.9 4.69 60 9.7 - - -
July 3760 .68 6.9 4.69 60 7.3 - - -
August 3760 .68 6.9 4.69 60 4.2 .81 254 11.1 
September 3760 .68 6.9 4.69 60 1.2 5.81 1820 79.5 
October 3760 .68 6.7 4.56 60 2.1 4.1 1285 56.1 
November 3760 .68 6.6 4.49 60 1.7 4.65 1460 63.6 
December 3760 .68 6.5 4.42 60 5.9 - - -
Jariuary 3760 .68 6.4 4.35 60 3.2 1.91 598 26.1 
February 3760 .68 6.5 4.42 60 1.9 4.2 1320 57.6 
hiarch 3760 .68 6.7 4.56 60 4,8 - - -
Total 6737 294.0 
^Source; (32). 
^Area commanded by the Abary right bank main canal. 
^Monthly irrigation requirements (inches) = where U = monthly consumptive use; R = 
monthly rainfall on commanded airea; and E = irrigation efficiency. 
Ta±>le B13. Irrigation requirements for ground provision and other food crops based on a 10% dry 
year, Mahaica-Mahaicony-Abary area&'b 
Month Net 
Acreage 
(a) 
Crop Co­
efficient 
(k) 
Consumptive 
Use Factor 
(f) 
Consumptive 
Use 
U=kf(ins.) 
E% R 
(ins.) 
Irrigation 
Requirement^ 
^ (ins.) 
Net Irrigation 
Requirement 
Acre ft. M.cft. 
April 19500 .54 6.8 3.67 75 7.6 
Maiy 19500 .54 6.9 3.73 75 7.4 - - -
June 19500 .54 6.9 3.73 75 9.7 - - -
July 19500 .54 6.9 3.73 75 7.3 - - -
August 19500 .54 6.9 3.73 75 4.2 - - -
September 19500 .54 6.9 3.73 75 1.2 3.37 5460 238 
October 19500 .54 6.7 3.62 75 2.1 2.02 3280 143 
November 19500 .54 6.6 3.56 75 1.7 2.48 4030 176 
December 19500 .54 6.5 3.51 75 5.9 - - -
January 19500 .54 6.4 3.46 75 3.2 .27 437 19.1 
February 19500 .54 6.5 3.51 75 1.9 2.15 3480 152 
March 19500 .54 6.7 3.62 75 4.8 - - -
Total 16687 728.1 
^Source; (32). 
^Area commanded by the Abêirj' right bank main canal. 
^Monthly irrigation requ? v^ients (inches) = where U = monthly consumptive use; R = 
ninthly rainfall on cammandeJ^ area; and E = irrigation efficiency. 
Tcible B14. Irrigation requiremerits for coconut based on a 10% dry year, Mahaica-Mahaicony-
Abary area^'b 
Month Wet 
Acreage 
(a) 
Crop Co­
efficient 
(k) 
Consumptive 
Use Factor 
(f) 
Consumptive 
Use 
U=kf(ins. ) 
E% R 
(ins.) 
Irrigation 
Requirement^ 
^ (ins.) 
Net Irrigation 
Requirement 
Acre ft. M.cft. 
April 5,650 .54 6.8 3.67 75 7.6 
May 5,650 .54 6.9 3.73 75 7.4 - - -
June; 5,650 .54 6.9 3.73 75 9.7 - - -
July 5,650 .54 6.9 3.73 75 7.3 - - -
August 5,650 .54 6.9 3.73 75 4.2 - - -
Septiember 5,650 .54 6.9 3.73 75 1.2 3.38 1,590 69.4 
October 5,650 -54 6.7 3.62 75 2.1 2.03 955 41.6 
November 5,650 .54 6.6 3.56 75 1.7 2.48 1,170 51 
December 5,650 .54 6.5 3.51 75 5.9 - - -
January 5,650 . 54  6.4 3.46 75 3.2 - - -
Febiruary 5,650 .54 6.5 3.51 75 1.9 2.15 1,010 44 
March 5,650 .54 6.7 3.62 75 2.3 1.76 827 36 
Total 5,552 242.0 
^Source; (32). 
^Area commanded by the Abary ight bank main canal. 
^Monthly irrigation requirements (inches) = where U = monthly consumptive use; R = 
miDnthly rainfall on commanded area; and E = irrigation efficiency. 
Table B15. Irrigation requirements for Stage 1 crops. Canje area^ 
Total acreage 
irrigated Jan. Feb. Mar. Apr. May June July 
Paddy 137,400 16,500 28,900 8,000 19,200 
Sugar Cane 
Right Bank 33,040 800 3,500 4,400 2,100 800 800 
Left Bank 5,260 100 500 700 300 100 100 
Citrus 9,300 
Coconuts^ 3,600 
Bananas 6,500 
Pasture^ 7,600 
Homestead^ 13,200 
Annual Crop 3,000 
Total 17,400 32,900 13,300 2,400 900 20,100 
^Source: (105). 
^Assumed only 3,600 of 9,300 acres of coconuts will be irrigated. 
"^Irrigated pasture only 25% of total acreage under pasture. 
"Homestead plots and annual crops assume 30% of total acreage 
under fallow and not being irrigated. 
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Aug. Sept. Oct. Nov. Dec. ^ 
^ acre/feet 
46,700 26,100 39,800 61,800 16,500 263,700 
3,500 8,700 23,800 23,800 800 73,000 
500 1,400 3,800 3,800 100 11,400 
5,200 5,200 
2,200 2,200 
3,300 3,300 6,600 
2,400 2,400 4,800 
3,300 3,300 3,300 9,900 
800 400 1,200 
50,700 46,000 84,200 92,700 17,400 378,000 
Table B16. Irrigation requirements for Stage 2 crops, Canje area^ 
Total Acreage 
Irrigated 
Jan. Feb. Mar. April May June July 
Paddy 29,200 3,500 6,100 1,700 4,100 
Citrus 800 
Pasture^ 1,000 
Homestead^ 2,900 
Annual Crop 350 
Total 3,500 6,100 1,700 4,100 
^Source: (104, p. 142). 
^Irrigated pasture only 25% of total acreage under pasture. 
^Homestead plots and annual crops assume 35% of total acreage 
under fallow and not being irrigated. 
a 
Table B17. Irrigation requirements for Stage 3 crops, Canje area 
Total Acreage , 
Irrigated Jan. Feb. Mar. April May June July 
Paddy 94,000 11,300 19,700 5,600 13,200 
Citrus 2,000 
Coconuts 1,000 
Pasture^ 3,200 
Homestead^ 9,000 
Arable^ 400 
Total 11.300 19.700 5,600 15,200 
^Source: (105). 
^Irrigated pasture only 25% of total acreage under pasture. 
^Homestead plots and annual crops assume 30% of total acreage 
under fallow and not being irrigated. 
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Aug. Sept. Oct. Nov. Dec. 
Total 
acre/ 
feet 
10,000 5,500 8,500 13,200 3,500 56,100 
500 500 
300 300 600 
700 700 700 2,100 
100 100 200 
10,000 6,600 10,100 13,900 3,500 59,500 
Aug. Sept. Oct. Nov. Dec. 
Total 
acre/ 
feet 
32,000 17,900 27,300 42,300 11,300 180,600 
1,100 1,100 
600 600 
1,000 1,000 2,000 
2,300 2,300 2,300 6,900 
200 100 300 
32.000 21,400 32,400 44,600 11,300 191,500 
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APPENDIX C; PROJECTED CASH FLOW OF BENEFITS 
AND COSTS AND PAYMENT CAPACITY ANALYSIS 
OF FARMS 
Table Cl. Projected cash flow of benefits and costs, Tapakvuna 
project (in thousand Guyana dollars)^ 
Component Project year 
Benefits; 
Charity Extension 
Tapakuma Scheme 
Johanna Cecelia 
Total direct benefits 
204.3 408.0 613.8 816.5 1020.3 
288.0 575.0 863.0 1151.0 1439.0 
36.0 71.0 107.0 142.0 178.0 
528.3 1054.0 1583.8 2109.5 2637.3 
Costs ; 
Charity Extension 
Construction 6023.0 
Operation and maintenance -
Extension services 
Subtotal 6023.0 
35.7 
30.0 
65.7 
71.7 
30.0 
101.7 
107.1 
30.0 
137.1 
142.9 
30.0 
172.9 
178.6 
30.0 
208.6 
Tapakuma Scheme 
Cons truction 2599.0 
Operation and maintenance -
With project 
Without project 
Subtotal 2599.0 
345.6 399.2 452.8 506.4 560.0 
292.0 292.0 292.0 292.0 292.0 
53.6 107.2 160.8 214.4 268.0 
Extension services 
Subtotal 25Q9.n 
110.0 110.0 110.0 110.0 110.0 
163.6 217,2 270=8 324-4 378.0 
Johanna Cecelia 
Cons true tion 1332.1 
Operation and maintenance 
Without project 
Subtotal 1332.1 
23.7 27=4 31=1 34.8 38.4 
20.0 20.0 20.0 20.0 20.0 
3.7 7.4 11.1 14.8 18.4 
Extension services 
Subtotal 
Total project costs 
^Source: (26). 
10.0 
13.7 
10.0 
17.4 
10.0 
21.1 
10.0 
24.8 
10.0 
28.4 1332.1 
9954.1 243.0 336.3 429.0 522.1 615.0 
Includes replacement or pur^ss \a msjor operaric 
equipment at year 25. 
r!airitër>=~'Ce 
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_§ 1 § 2 10 ll-50b 
1052.4 1086.5 1119.1 1152.6 1186.1 1186-1 
1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 
178.0 178.0 178.0 178.0 178.0 178.0 
2669.9 2703.5 2736.1 2769.6 2803.1 2803.1 
178.6 178.6 178.6 178.6 178.6 178.6 
178.6 178.6 178.6 178.6 178.6 178.6 
560.0 560.0 560.0 560.0 560.0 560.0 
292.0 292.0 292.0 292.0 292.0 292.0 
268.0 268.0 268.0 268.0 268.0 268.0 
268.0 268.0 268.0 268.0 268.0 268.0 
38.4 38.4 38.4 38.4 38.4 38.4 
20.0 20.0 20.Û 20.Û 20.Û 20.0 
18.4 18.4 18.4 18.4 18.4 18.4 
18.4 18.4 18.4 18.4 18.4 18,4 
465.0 465.0 465.0 465.0 465.0 465.0 
Table C2. Projected cash flow ol: benefits and costs. Black Bush project (in thousand Guyana 
dollars) ^ 
Component 
Project year 
0 8-50b 
Benefits; 
Black Bush Polder 
With project 
Withiout project 
Subtotal 
1549 2280 3010 3740 4471 5201 5201 5201 
1549 1984 2418 2854 3288 3724 3724 3724 
296 592 886 1183 1477 1477 1477 
Backlands Extension 
Witli project -
Mancirabisi Cattle Pasture 
With project -
Total benefits -
Costs; 
Construetiora 
Black Bush Polder 2482 2483 
Extension areas 16701 16701 16702 
Operation cund maintenance 
With project 
Personnel 
Ecpaipment and maintenance 
Fuel and power 
Extension services 
Subtotal 
633 1266 1899 2534 3167 3167 
1914 3827 5740 7654 9567 9567 
296 3139 5979 8822 11665 14211 14211 
300 553 553 553 553 553 553 
200 367 367 367 367 367 367 
60 257 257 257 257 257 257 
150 150 150 150 150 — -
710 1327 1327 1327 1327 1177 1177 
Source; (28). 
blncludes replacement of puinps and major operation and maintenance equipment at year 25. 
Table C2 (Continued) 
Project year 
0 1 2 3 4 5 6 7 8-50b 
Without project 480 480 480 480 480 480 480 
Incremental O&M 230 847 847 847 847 697 697 
Replacements 
Total project costs 19,183 19,184 16,931 847 847 847 847 697 697 
Sugar factory expansion cost*^ 7,875 7,875 
Total costs 19,183 27,059 24,806 847 847 847 847 697 697 
"^Assumes an adflitioiuai 35,000 tons of sugar annually at a capital cost of 
G$450 per ton of sugar. 
able C3. Projected cash flow of benefits and costs, Mahaica-
Mahaicony-Abary project (in thousand Guyana dollars)* 
Component 
Project year 
0 1 2 3 4 5 6 
Benefits; 
With project 
Without project 
Total benefits 
9875 14403 18931 23459 27987 32515 37043 
9875 10427 10978 11529 12080 12631 13182 
3976 7953 11930 15907 19884 23861 
Costs ; 
Construction 23329 23330 23329 23330 23329 23330 23329 
Operation and 
maintenance 
With project 
Personnel 
Equipment and 
maintenance 
Fuel and power 
Extension services 
Subtotal 
Without project 
Incremental O&M 
Total project costs 23329 23330 23329 23330 23329 23330 23329 
Sugar factory costs 
Total costs 23329 23330 23329 23330 23329 23330 23329 
^Source; Computed. 
^Includes replacement of pumps and major operation and 
maintenance equipment at year 25. 
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7 3 9 10 11 12 13 14 15 16 17-50b 
41571 46099 50627 55155 59683 64211 68738 73265 77792 77792 77792 
13733 14284 14835 15386 15937 16488 17039 17590 18141 18141 18141 
27838 31815 35792 39769 43746 47723 51699 55575 59651 59651 59651 
23330 23329 23329 23329 23330 
3500 6468 6468 6468 6468 6468 6468 
7150 7150 7150 7150 7150 7150 7150 
3000 3000 3000 3000 3000 3000 3000 
180 180 180 180 180 0 0 
13830 16798 16798 16798 16798 16618 16618 
152 152 152 152 152 152 152 
13678 16646 16646 16646 16646 16466 16466 
23330 23329 23329 23329 23330 
29175 29175 29175 29175 29175 
52505 52504 52504 52504 66183 16646 16646 16646 16646 16466 16466 
Table C4. Projected cash flow of benefits and costs, Can je 
project (in thousand Guyana dollars)^ 
Component Project year 
0 1 2 3 4 5 6 7  
Benefits : 
With project?' 
Without project 
Total benefits 
20685 24847 29009 33171 37333 41495 45657 49819 
20685 21193 21699 22207 22713 23220 23727 24234 
0 3654 7310 10964 14620 18275 21930 25585 
Costs: 
Construction 23275 23275 23275 23275 23275 23275 23275 23275 
Operation and 
maintenance 
With project 
Personnel, equipment, 
maintenance, fuel 
and power 3979 3979 
Extension services 200 200 
Subtotal 4179 4179 
Without project 418 418 
Incremental O&M 3761 3761 
Total project costs 23275 23275 23275 23275 23275 23275 27036 27036 
^Source: Computed, 
^Includes 38,300 acres of sugar cane at G$410 per acre and 
81,200 acres of paddy (traditional variety) at G$61.20. 
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8 9 10 11 12 13 14 15 16 17 18 
53981 58143 62305 66467 70629 74791 78953 83116 87279 91442 95605 
24741 25248 25755 26263 26770 27277 27785 28293 28801 29309 29817 
29240 32895 36550 39204 43859 47714 50738 54813 58476 52133 65788 
23275 23275 23275 23275 23275 23275 23275 23275 23275 23275 23275 
3979 3979 3979 3979 4576 4576 4576 4576 4576 4576 4576 
200 200 200 200 268 268 268 268 268 268 268 
4179 4179 4179 4179 4844 4844 4844 4844 4844 4844 4844 
418 418 418 418 484 484 484 484 484 484 484 
3761 3761 3761 3761 4360 4360 4360 4360 4360 4360 4360 
27036 27036 27036 27036 27635 27635 2763527635 27635 27635 27635 
293 
Table C4 (Continued) 
Component 
19 20 
Project year 
21 22 23 24 25-50C 
Benefits; 
With project 
Without project 
Total benefits 
99768 103931 108094 112257 116420 120583 124746 
30325 30833 31341 31849 32537 32865 33375 
69443 73098 76753 80408 84063 88718 91371 
Costs; 
Construction 
Operation and 
maintenance 
With project 
Personnel, equipment, 
maintenance, fuel 
23275 23275 23275 23275 23275 23275 
and power 4576 5078 5590 6102 6614 7136 7404 
Extension services 268 268 268 268 268 268 0 
Subtotal 4844 5346 5858 6370 6882 7404 7404 
Without project 484 535 586 637 688 740 740 
Incremental O&M 4360 4811 5272 5733 6194 6664 6664 
Total project costs 27635 28086 28547 29008 29469 29939 6664 
'^Includes replacement of pumps and major operation and 
maintenance equipment at year 26. 
Table C5. Payment capacity analysis for paddy farms, Tapakuma 
project (in Guyana dollars)^ 
Farm Size 
Item 5 Acres 10 Acres 
Traditional Improved Weighted Traditional Improved 
varieties varieties average^ varieties varieties 
Projected net 
income/farm 
Family living 
allowance 
5JU 
-2000 
Payment capacity d.f.a. 
Project O&M 
costs -105 
Land rental 
charge -5 
On-farm de­
velopment costs^ -75 
Residual income d.f.a. 
1182 
-2000 
d.f.a. 
-105 
-5 
-75 
d.f.a. 
1017 
-2000 
d.f.a. 
-105 
-5 
-75 
d.f.a. 
1040 
-2000 
d.f.a. 
-210 
-10 
-150 
d.f.a. 
2364 
-2000 
364 
-210 
-10 
-150 
d.f.a. 
^Source; (26). 
^Weighted at 75.0 percent in improved paddy varieties and 
25.0 percent in traditional varieties. 
^d.f.a. = deficit funds available. 
"^Based on on-fana development cost of G$293 per acre amortized 
without interest in 20 years at G$15.00 per acre. 
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Farm Size 
20 Acres 30 Acres 
Weighte^ 
average 
Traditional 
varieties 
Improved Weighte^, 
varieties average 
Traditional 
varieties 
Improved Weighte^ 
varieties average . 
2033 2080 4728 4066 3120 7092 6099 
-2000 -2000 -2000 -2000 -2000 -2000 -2000 
33 80 2728 2066 1120 5092 4099 
-210 -420 -420 -420 -630 -630 -630 
-10 -20 -20 r.20 1 w
 
o
 
—30 -30 
-150 -300 -300 -300 -450 -450 -450 
d.f.a. d.f.a. 1988 1326 10 3982 2989 
Table C6. Payment capacity analysis for paddy farms. Black Bush 
project (in Guyana dollars)^ 
Item 
Projected net 
income of farm 
Farm Size (acres) 
Paddy 10, Vegetable and Fruit 2 
Traditional Improved Weighted 
varieties varieties average 
Paddy 
Vegetable and fruit 
Available for 
family living 
and payment 
capacity 
Family living 
allowance 
Payment capacity 
Project O&M costs^ 
Amortization 
capacity® 
On-farm develop­
ment costs-
Residual income 
800 
950 
1750 
-2000 
d.f .a.* 
-200 
d.f.a. 
-180 
d.f.a. 
1815 
950 
2765 
•2000 
765 
-200 
565 
1560 
950 
385 
2510 
•2000 
510 
-200 
310 
-ISO 
130 
Source: (28). 
^Weighted at 75,0 percent in improved paddy varieties and 25.0 
percent in traditional varieties. 
d.f.a. = deficit funds available. 
Assumed annual charge for O&M of G$16.70 per acre for both 
Polder and Extension areas. 
^Residual farm income available for amortization of project 
capital costs and profits. 
^Based on on-farm development cost of approximately G$300 
per acre for paddy and homestead land amortized without interest 
in 20 vears at G$15.00 per acre. 
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Paddy 15, Vegetable and Fruit 2 Paddy 20, Vegetable and Fruit 2 
Traditional Improved Weighted Traditional Improved Weighted 
varieties varieties avârage varieties varieties average 
1200 2720 2340 1600 3630 3120 
950 950 950 950 950 950 
2150 3670 3290 2550 4580 4070 
-2000 -2000 -2000 -2000 -2000 -2000 
150 1670 1290 550 2580 2070 
-285 -285 -285 -365 -365 -365 
d.f.a. 1385 1005 185 2215 1705 
-255 -255 -255 -330 -330 -330 
d.f.a. 1130 750 d.f.a. 1885 1375 
Tcible C7. Payment capacity analysis for sugar cane farms. Black Bush proiect (in Guvana 
Item Farm Size (acres) 2.0 4.0 6.0 o 
00 
Gross income^ 2290 4580 6870 9160 
Fcirniers ' shaice ( 2/3 ) ^ 1525 3050 4575 6100 
Production cost^ 700 1400 2100 2800 
Net income 825 1650 2475 3300 
Family living allowance -2000 -2000 -2000 -2000 
Payment capacity d. i:.a.® d.f.a. 475 1300 
Project O&M costs^ -as -65 -100 -135 
Araortization capacity d. i:.a. d.f.a. 375 1165 
On-farm development costs^ -55 -115 -170 -230 
Residual income d. ji.a. d.f.a. 205 935 
^Sources (28). g 
^Assvmied income of G$300 pej: ton of sugar plus G$15 per ton sugar for molasses. 
^Sroall cane farmers receive 2/3 of weighted average of export and domestic prices of sugar. 
^Field production cost only. 
®d.f.êi. = deficit funds available. 
^Assumed annual charge for O.iM of G$16.70 per acre, 
^Based on on-farm development cost of G$570 per acre for sugar cane land amortized without 
interest in 20 years at G$28.50 per acre. 
Table C8. Payment capacity analysis for paddy farms, Mahaica-
Mahaicony-Abary project (in Guyana dollars)^ 
Farm Size 
Item 15 Acres 25 Acres 
Traditional 
varieties 
Improved Weighted 
varieties average 
Traditional 
varieties 
Projected net 
income/farm 1202 2720 2340 2004 
Family living 
allowance -2000 -2000 -2000 -2000 
Payment capacity d.f.a.® 720 340 4 
Project O&M costs -1035 -1035 -1035 -1725 
Amortization 
capacity® d.f.a. d.f.a. d.f.a. d.f.a. 
On-farm de­
velopment costs^ -180 -180 -180 -300 
Residual income d.f.a. d.f.a. d.f.a. d.f.a. 
^Source: (5) computed. 
Weighted at 75.0 percent in improved paddy varieties and 25.0 
percent in traditional varieties. 
^d.f.a. = deficit funds available. 
"^Assumed an annual charge for O&M of G$69.00 per acre for 
the entire project cum sugar factory. 
^Residual farm income available for amortization of project 
capital costs and profits. 
^Based on on-farm development costs of approximately G$304 
per acre amortized without interest in 25 years at G$12.00 per 
acre. 
300 
40 Acres 
Improved Weighted Traditional Improved Weighted 
varieties average^ varieties varieties average^ 
4534 3902 3206 7254 6243 
-2000 
2534 
-1725 
-2000 
1902 
-1725 
-2000 
1206 
-2760 
-2000 
5254 
-2760 
-2000 
4243 
-2760 
809 177 d.f.a. 2494 1483 
-300 -300 -480 -480 -480 
609 d.f.a. d.f.a. 2014 1003 
Table C9. Payment capacity analysis for sugar cane farms, Mahaica-Mahaicony-Abary 
project (in Guyana dollars)^ 
Farm Size (Acres) Item 
15.0 40.0 75.0 
Projected net income/farm 9225 
.246m 45125 
Project OGM costs^ -1035 -2760 -5175 
Aniortization capacity 8190 21840 40950 
OB-farm development costs'^ -180 -480 -900 
Residual income 8010 21360 40050 
^Source : (5) computed. 
^Assumed an annual charge for O&M of G$69.00 per acre for the entire project cum 
sugar factory. 
^Based on on-farm development costs of approximately G$304 per acre amortized without 
interest in 25 years at G$12-00 per acre,. 
Table CIO. Payment capacity analysis 
(in Guyana dollars) 
for mixed farms, Mahaica-Mahaicony-Abary project 
Farm Size (Acres) 
Item Dairy 
15 
Ground 
pro'/ision 
Corn and 
2 soybean 5 
Coconut 
10 
Paddy 8 
(improved varieties) 
Dairy 
25 
Project net 
income/farm 3000 1110 1480 2250 1450 5000 
Family living 
allowance -2000 -2000 -2000 -2000 -2000 -2000 
Payment capacity 1000 d.f.a.^ d.f.a. 250 d.f.a. 3000 
Project OGM 
costs'^ -1035 -138 -345 -690 -552 -1725 
Amortisation 
cajoacity*^ d.f.a. d.f.a. d.f.a. d.f.a. d.f.a. 1275 
On-farm de­
velopment costs® -180 -24 —60 -120 -96 -300 
Residuêil ;Lncome d.f.a. d.f.a. d.f.a. d.f.a. d.f.a. 975 
^Somce; (5) computed. 
^d-f.a. = deficit funds available. 
^AssLcmed an annual charge for O&M of G$69.00 per acre for the entire project cum sugar 
factory. 
'^Residual farm income available for amortization of project capital costs and profits. 
®Based on on-farm development costs of approximately G$304 per acre amortized without 
interest in 25 years at G$12.00 per acre. 
Tcible CIO (Continued) 
Item 
Farm Siize (Acres) 
Ground 
provision 5 
Corn and 
and soybean 10 
Coconut 
15 
Paddy 20 
(improved varieties) 
Project net 
income/farm 2750 2960 3375 3627 
Family living 
allowance -2000 -2000 -2000 -2000 
Payment capacity 750 960 1375 1627 
Project O&M 
costs'' -345 -690 -1035 -1380 
Airiortization 
capacity*^ 405 270 340 247 
Or-farm de­
velopment costs® —60 -120 -180 -240 
Residual income 345 150 160 7 
Table CH. 
Item 
Payment capacity analysis for paddy farms, Canje 
project (in Guyana dollars)^ 
Farm Size (Acres) 
15 Acres 
Traditional Improved Weightei^ 
varieties varieties average 
Projected net 
income/farm 1202 
Family living 
allowance -2000 
Payment capacity d.f.a.' 
Project O&M 
costsd 
Amortization 
capacity® 
On-farm de­
velopment costs -330 
Residual income d.f.a. 
-240 
d.f.a. 
2720 
-2000 
720 
-240 
480 
-330 
150 
2340 
-2000 
340 
-240 
100 
-330 
d.f.a. 
^Source; (105) computed. 
^Weighted at 75.0 percent in improved paddy varieties and 25.0 
percent in traditional varieties. 
^d.f.a. = deficit funds available. 
^Assumed annual charge for O&M of G$16.00 per acre for 
stages 1-3. 
^Residual farm income available for amortization of project 
capital costs and profits, 
^Based on on-farm development costs of approximately G$660 per 
acre amortized without interest in 25 years at G$22.00 per acre. 
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Farm Size (Actes) 
20 Acres 30 Acres 
Traditional 
varieties 
Improved 
varieties 
Weighted 
average 
Traditional 
varieties 
Improved 
varieties 
Weighted 
averaoe^ 
1603 3627 3120 2405 5440 4681 
-2000 -2000 -2000 -2000 -2000 -2000 
d.f.a. 1627 1120 405 3440 2681 
-320 -320 -320 -480 -480 -480 
d • f • a • 1307 806 d.f.a. 2960 2201 
-440 -440 -440 -660 —660 -660 
d.f.a. 867 366 d.f.a. 2300 1541 
Table C12. Payment capacity analysis for sugar cane farms, Canje project (in Guyana dollars)^ 
Farm Size (Acres) 
2.0 4.0 6.0 00
 
o
 
Projected net income/farm 1230 2460 3690 4920 
Family living allowance -2000 -2000 -2000 -2000 
Payment capacity A ^ b d.f.a. 460 1690 2920 
Project OfiM costs^ -32 -64 -96 1 to 00 
Amortization capacity d.f.a. 396 1594 2792 
On-farm development costs^ -44 -88 -132 -176 
Residual income d.f.a. 308 1462 2616 
^Source; (105) computed. 
^d.f.a. = deficit funds available. 
"^Asscimed annual charge for O&M G$16.00 per acre for stages 1-3. 
"^Basad on on-farm davelopirent costs of approximately G$660 per acre amortized without 
interest in 25 years at G$22.00 per acre. 
Table Cl3. Payment capacity analysis for mixed farms, Canje 
project (in Guyana dollars)^ 
Farm Size (Acres) 
Item Paddy 8 
Fruit Vegetable Ground improved Fruit 
6 4 provision 2 varieties 10 
Projected net 
income/farm 1800 2760 1110 1450 3000 
Family living 
allowance -2000 -2000 -2000 -2000 -2000 
Payment 
capacity 
Project O&M 
costs" 
Amortization 
capacity^ 
d.f.a.^ 760 
-96 -64 
d.f.a. 696 
d.f.a. 
-32 
d.f.a. 
-44 
d.f.a. 
d.f.a. 1000 
-32 -160 
d.f.a. 840 
-176 -220 
d.f.a. 620 
On-farm de­
velopment costs® -132 -88 
Residual income d.f.a. 608 
^Source: (105) computed. 
^d.f.a. = deficit funds available, 
°Annual charge for O&M of G$16.00 per acre for stages 1-3. 
""Residual farm income available for amortization of project 
capital costs and profits. 
®Based on on-farm development costs of approximately G$660 
per acre amortized without interest in 25 years at G$22.00 per 
acre. 
308 
Farm Size (Acres) 
Paddy 5 
Vegetable Ground traditional 
6 provision 4 varieties 
4140 2220 400 
-2000 -2000 -2000 
2140 220 d.f.a. 
—96 —64 —80 
2044 156 d.f.a. 
-132 -88 -110 
1912 68 d.f.a. 
